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 i 
Abstract 
 
Scaffolding represents an important trade in the construction of buildings by 
providing platforms which allow the workers to carry out their works at height. In 
Hong Kong, a variety of scaffolding systems are available. And the bamboo 
scaffolding is regarded to be the dominant type in the local construction industry over 
the years chiefly because of its low costs. However, this traditional trade is increasing 
found to be inappropriate. Local buildings are being constructed with ever increase in 
height. Skyscrapers are used as either a gimmick or a maximization of space by 
people.  
 
Literatures reveal the importance of safety and cost as well as their close relationship 
in construction. And it is found that bamboo scaffolding is rather unsafe and 
unreliable especially in such high-attitude constructions, while metal scaffolding is 
too expensive. As a result, a new technology, climbing scaffolding, emerges as a 
compromise to give a balance between safety and cost.  
 
The success of a new system depends on many factors, e.g. its features, application 
and suitability in a market. This dissertation aims at investigating the opportunity of 
climbing scaffolding and hence determining its success in Hong Kong. Concentrations 
are put on the safety and cost issues.  
 
Investigation is carried out based on various literature, questionnaires, interviews as 
well as case studies. The results indicate that climbing scaffolding does represent a 
better alternative in high-rise construction, especially commercial buildings, in terms 
of safety and cost. Nevertheless, findings from questionnaires show that the use of the 
 ii 
new system is very much contingent upon the scale of the company.  
 
Climbing scaffolding is a relatively new topic in local construction industry. There 
were still inadequate acknowledgement and few research studies about the system. 
Therefore, it is certainly rewarding to explore the new technology to give a better 
insight and recommendation to it local application.  . 
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Section One 
Prologue  
 
Chapter One    Introduction 
 
1.1 Background 
 
There comes a lengthy history for Hong Kong’s economy having been relying heavily 
on the Real Estate sector. The construction industry has always played a major role in 
Hong Kong’s economy and contributed almost 25 per cent of Hong Kong’s GDP 
(Rowlinson and Walker, 1995). Despite being frustrated by economic recession over 
past few years, construction industry is ever growing as a result of the dynamic 
transaction activities in the first-hand market, especially during recent booming 
recovery. Developments under construction are unintermitted to be seen in Hong 
Kong.  
 
Due to the large amount of developments undertaking throughout the years, 
scaffoldings are found everywhere. They present an important part in construction - 
especially building developments - by providing access for a variety of construction 
tradesmen to carry out various operations at height.   
 
Bamboo scaffolding has long been the mainstream for providing temporary support 
and access. According to Y.S. So and K.W. Wong (1998), the bamboo scaffolding has 
100% and 95% of the market share for the construction work in the private section in 
the 1980s and 1990s respectively. Meanwhile, the bamboo scaffolding also grasps 
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100% of the market share in the work issued by the Housing Society and in the new 
building work issued by the Building Authority. (C.C. Chang and T.X. Yu, 2002). It is 
regarded as one of the oldest Chinese craft skill and has been widely used in local 
construction industry over decades. Its properties of high flexibility, cost effectiveness 
and speediness in construction have been appreciated by many literatures. And it is 
believed that those properties keep bamboo scaffolding stand out from open 
competition with various metal scaffolding system imported overseas and become the 
dominant type of access scaffolding in Hong Kong’s building construction (K.F. 
Chung and S.L. Chan, 2002).  
 
Regardless of its merits, the local application of bamboo scaffolding has inevitably 
been a controversial issue in the building construction. H.K. Mak (1998), from the 
Labour of the Occupation Safety and Health Branch of Labour Department, expresses 
his worry about the high percentage of the accident tolls related to working with 
scaffold. He concludes that there is a need to do a great deal more to improve the 
safety of bamboo scaffolds, despite of the steady improvements over the past decade. 
According to H.K. Lee (2002) as well as C.C. Chang and X.Y. Tong (2002), there 
have been reports of bamboo scaffolding related accidents for years.  Obviously, the 
volatile property and safety aspect of this traditional method desperately need deeper 
examination.  
 
According to the statistical data published by the HKSAR government, it is found that 
the total number of industrial accidents falls sharply from 1994 to 2003 (Fig.1.1). 
Among various kinds of industrial accidents, the number of construction accidents 
also experienced a significant drop (Fig.1.2). The proportion of construction accidents 
related to overall industrial accidents over the past ten years decreased from 37% in 
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1994 to 25% in 2003. It is obvious that the percentage of construction accidents tends 
to decrease since 1998.  
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Fig. 1.1  Number of industrial accidents between 1994 to 2003 
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Fig. 1.2  Change in percentage of construction accidents between 1994 to 2003 
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Despite of the effort being made in the reduction of construction industry, the 
percentage of accidents caused by fall of person in construction industry did not 
follow the same pace. From Fig.1.3, it is found that the percentage of fall of person in 
construction industry remained quite constant, around 3-4%, since 1998. And the 
number of fall of person in construction industry has become the majority in this type 
of accident since 1998, while the total number of fall of person in all industries 
experienced a large decrease.  
Percentage of accidents caused by fall of person between
1994-2003
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Fig. 1.3  Percentage change in the accidents caused by fall of person between 1994 
to 2003 
 
Fall of person from height is long deemed to be caused to workers working on 
bamboo scaffolding (H.K. Lee, 2002). The above figures show a worrying trend for 
the safety of the traditional trade. 
 
In the modern society, human is more of emphasis than everything. Life is valuable. 
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Because of its relatively high accident rate, the construction industry has started to put 
a careful eye on the safety aspects of the development under the public and 
government pressure. The effort can be seen from much researches and literature 
investigating the safety and reliability of bamboo scaffolds. But yet it is undoubtedly 
that the construction companies still want to keep the cost as low as possible.  
 
In order to strike a balance between safety and cost-effectiveness, other new 
technologies have emerged as alternatives. Among those, one should be worth 
highlighting. It is the climbing scaffolding system which was imported from the 
Mainland China. Though being a rather new method introduced in local construction 
industry, this mechanized self-climbing system metal scaffold has been proved to be 
of a great success for high-rise buildings in some local projects. It local application 
has been attracting much attention and there is an increasing amount of construction 
project adopting the system.  
 
Apart from having the same merits as the bamboo scaffolding, its minute built-in 
safety system and reusable characteristics make climbing scaffolding a brilliant 
alternative to bamboo scaffolding. It is certain that the use of the prevail types of 
scaffolding systems will undergo a more fierce competition with the increasing use of 
such a new and better technology in the near future. As a result, there is a vital need to 
deeply study the properties as well as application of climbing scaffolding and to 
understand its implication on the current local building industry so as to get a 
perspective view on the future market trend. 
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1.2 Aims and Objectives 
 
Although climbing scaffolding has already been developed and widely used in the 
construction field of mainland over a decade, it is not around these recent few years 
that Hong Kong has imported and adopt this excellent technology. At present, 
climbing scaffolds had already been used in a few local construction projects. 
However, its application and strength are still not widely and fully known in local 
construction field. There is only a handful of studies giving focus to this topic.  
 
As for its outstanding merits, climbing scaffolds will surely soon become a new 
favorite to the building construction market and threaten the dominating position of 
traditional bamboo scaffolds, provided it is actively promoted. 
 
In this new era of safety-oriented developments, both cost-effectiveness and safety 
represent vital considerations for the developers as well as contractors. Focus and so 
as efforts have been given continuously on the improvement of the safety of the cheap 
bamboo scaffolding. But, due to the inherited volatile nature of bamboo, the potential 
hazard for structural failure can never be accurately formulated and predicted. 
Moreover, it is always difficult to surveillance the compliance by the practice of 
scaffolders and other on-site workers with the safety requirements for it involvements 
of human behaviors.  
 
So, it seems to be more worthwhile to appeal to a better type of scaffold system - 
climbing scaffolding – in replacement of the former. And this is also the main 
objective of this research to shift the public focus to climbing scaffolding. It aims at 
improving the performance of construction in both cost and safety aspect by 
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promoting the use of climbing scaffolding.   
 
The fundamental aim of this research is to give a critical review on the performance of 
climbing scaffolding, to appreciate its application and to have a perspective view on 
its opportunity and future trend in the local market.  
 
In summary, the objectives of this research are: 
? To give a brief review on the current scaffolding practice in Hong Kong, 
including relative market shares, rate of related accidents etc  
? To study the characteristics and use of climbing scaffolding 
? To contrast and compare the performance of the dominant scaffolding system 
and climbing system focusing on cost and safety aspects 
? To investigate the opportunity of climbing scaffolding in local construction 
industry and hence predict the future trend of scaffolding market 
? To appreciate the local application of climbing scaffolding and give 
recommendation to any improvement of the system in local construction 
industry.  
 
1.3 Outline of Research Methodology 
 
In order to examine the opportunity of a new system in local market, it is necessary to 
first identify the current practice and performance of prevailing types of scaffolding in 
Hong Kong. Therefore, a comprehensive comparison of the climbing scaffolding 
system with the local common ones can be done.  Information and data mainly 
focusing on cost and safety aspects, such as construction costs, time and accidental 
rate over the past decade etc, are collected from both government publications and 
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research articles as well as local scaffolding companies (around 3-4) to have a brief 
idea about the performance of local scaffolding systems.  
 
Characteristics and practices of climbing scaffolding are deeply studied by collecting 
relevant information from literature review, case studies, actual site visit as well as 
interviews with local construction companies specialized in climbing scaffolding. This 
helps to identify and appreciate the unique merits of the new technology. Comments 
on its local performance will also be collected in the interviews. 
 
Current market of different scaffolding systems in Hong Kong is carefully examined. 
Questionnaires are set and distributed to developers, scaffolding contractors and 
suppliers. The questionnaire aims at exploring the factors of consideration in adopting 
a scaffold, the current practices as well as realization of climbing scaffolding. The 
data and information collected are then analyzed to have an overall perspective on the 
current situation of local scaffolding market, for example, the respective marker 
shares, use of climbing scaffolds etc. Interview findings and case studies are also 
incorporated into the questionnaire findings to give explanation and enhance validity.  
 
A perspective analysis on the future trend of the scaffolding system is made based on 
this. Recommendations are given on the promotion of further use of the new 
technology in local industry. Any improvement on the system is finally suggested. 
 
1.4 Organizational Structure of Dissertation  
 
The dissertation chiefly comprises of 4 sections.  
 
Climbing Scaffolding in Hong Kong’s Building Construction 
Chapter One  Introduction 
9 
Section One consists of only one chapter, Chapter One. Chapter One is the 
introduction which gives the background of the topic, defines the scope, aims and 
objectives of the study, and provides an outline of methodology and organizational 
structure of the dissertation.  
 
Section Two is the literature review including five chapters. It gives a basic 
knowledge and idea of the arguments presented in the topic. Chapter Two gives a 
comprehensive overview of the prevailing systems in local construction industry. 
Chapter Three highlights the important considerations of the scaffold system. Chapter 
Four provides the pros and cons of the prevailing systems in Hong Kong. Chapter 
Five introduces the new climbing scaffolding system, e.g. the characteristics and 
arguments on local use. And the final chapter of the section, Chapter Six, determines 
the safety and cost implication of scaffolds in the construction industry of Hong 
Kong.  
 
Section Three features on the research methods and interpretation of the findings. 
Three chapters are provided. Chapter Seven is the methodology which explains the 
research method adopted and the rationales behind. Chapter Eight and Nine include 
the summaries of findings from questionnaires, interviews and case studies, in which 
analysis and implications are presented.  
 
Lastly, Section Four is the conclusion. Chapter Ten summarizes all the findings of the 
studies and gives recommendations. Limitations of the study are discussed and areas 
for further study are suggested.  
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Executive Summary of the Section 
 
This section consists of five chapters discussing different issues regarding scaffolding 
industry in a comprehensive review of related literates.  
 
Chapter Two, “Prevailing Scaffolding Systems in Local Building Construction 
Industry”, introduces the important role of scaffolds in local construction. The 
features and applications of various prevailing types of scaffolds, which include 
bamboo scaffolds, metal scaffolds and mixed metal-bamboo scaffolds are discussed.  
 
Chapter Three, “Essential Considerations of Scaffolding System”, highlights the 
design requirements for a scaffolding system. The relationship between the two most 
important concerns, safety and costs, in the construction industry are examined.  
 
Chapter Four, “Past Scaffolding Market and Arguments on Various Scaffolding 
Systems”, presents the market shares of different scaffolding systems in the local 
market. The respective strengths and weaknesses of various systems are studied. 
 
Chapter Five, “Emergence of New Technology - Climbing Scaffolding”, introduces the 
characteristics and application of the new system, climbing scaffolding. Strengths and 
weaknesses of climbing scaffolds are reviewed and discussed. The chapter also 
presents comparison of the features between bamboo scaffolds and climbing 
scaffolds.  
 
Chapter Six, “Safety and Cost Implications of Scaffolding”, employs the safety and 
costs considerations on the scaffolding systems in local construction industry. The 
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causes and rates of scaffolding-related accidents are illustrated.  
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Chapter Two    Prevailing Scaffolding Systems in Local Building 
Construction Industry 
 
2.1  Introduction 
 
For the ever blooming property market in Hong Kong, there is always a high demand 
of scaffolding formwork for the construction of new high-rise buildings. According to 
W.K. Wong and K.F. Chu (1998), scaffolding works normally share about 1% of a 
construction project, which can be a considerable sum in large projects. As a result, 
there comes a wide variety of scaffolding system, whether inherited from tradition or 
imported overseas, within the market. And each system has its respective merits and 
weaknesses in the cost and safety performances.  
 
This chapter will first introduce the role of scaffolding industry and different types of 
scaffolding system to have a brief understanding about prevailing scaffolding 
practices in Hong Kong through a comprehensive review of related literatures.  
 
2.2  Role of Scaffolding in Construction Industry 
 
The definition and functions of scaffolding are stated by many literatures. According 
to Construction Sites (Safety) Regulations under the Factories and Industrial 
Undertaking Ordinance (Cap. 59), “scaffold” (棚架) means any temporarily provided 
structure on or from which persons perform work in connexion with operations or 
works to which these regulations apply, and any temporarily provided structure which 
enables persons to obtain access to or which enables materials to be taken to any place 
at which such work is performed, and includes any working platform, gangway, run, 
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ladder or step-ladder (other than an independent ladder or step-ladder which does not 
form part of such a structure) together with any guard-rail, toe-board or other 
safeguards and all fixings, but does not include a lifting appliance or a structure used 
merely to support such an appliance or to support other plant or equipment.  
 
In brief, K.W. Wong (1998) defines scaffold as a temporary structure used in building 
work, new construction and maintenance alike, to provide accesses and platforms to 
enable work to be done by a variety of trades, such as production work by 
construction workers on site and inspection by supervisory staff. Therefore, 
scaffolding takes up an important role in ensuring the process of different works in a 
construction project.  
 
In Hong Kong, section 38C of the Construction Sites (Safety) Regulations requires the 
provision of safe scaffolds, ladders, etc. by the responsible contractors and ensures 
their use where work cannot be safely done on or from the ground or from part of a 
permanent structure. 
 
2.3  Various types of Scaffolding System 
 
In local building construction industry, three prevailing scaffolding system established 
are mainly identified. They are bamboo scaffolding, metal (steel) scaffolding and 
mixed scaffolding. 
 
2.3.1  Bamboo Scaffolding  
 
Bamboo scaffolding is regarded as an ancient structural system used in China over a 
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few thousand years (K.F. Chung and Y.C. Siu, 2002). Its use has a long history in 
China, including Hong Kong. As stated by Y.L. So (1998), the trade is unique to the 
Chinese construction culture. It is believed that bamboo scaffold was first erected by 
the legendary “You Chao Si” some 5,000 years ago (K.W. Wong, 1998). However, 
bamboo scaffolding was used in construction trades by the Chinese Building arts “Lu 
Pan” until 25 centuries ago.  
 
Bamboo scaffolding is a slender structure of natural bamboo pieces (Y.S. So, 2003). 
There are two types of bamboo scaffolding system available in Hong Kong building 
industry. One is double-layered and the other is single-layered bamboo scaffolds. 
 
2.3.1.1  Single-layered bamboo scaffold 
 
This type consists of a single plane of framework (K.W. Wong, 1998) and is 
commonly known as the working scaffolds (K.F. Chung and Y.C. Siu, 2002). The 
scaffolds are usually erected at about 750mm to 900mm from the building face of a 
building (K.F. Chung and Y.C. Siu, 2002). The system is planned to be used for light 
duty work such as exterior decoration (K.F. Chung and S.L. Chan, 2002). During the 
construction period, single layered scaffolds serve the purpose of access for formwork 
workers and re-bar workers as well as the purpose of boundary fencing during the 
construction stage (K.W. Wong, 1998).  
 
Single-layered scaffold is highly adaptable to the site conditions with both easy 
erection and dismantling (K.F. Chung and S.L. Chan, 2002). External wall painters 
particularly prefer to use this type as it is cheaper and causes less obstruction to their 
work (K.C. Wong, 1998).  
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Yet, in the case of the Queen Vs Associated Costings Limited (Magistracy Appeal No, 
864 of 1990), the judge ruled out the use of single-layered bamboo scaffolds. 
Although double-layered bamboo scaffolds cost more, they allow planking to provide 
safe working platforms (H.K. Lee, 1996).  
 
Fig. 2.1  Structure of single-layered bamboo scaffold 
(Source: Chung, K.F. and Siu, Y. C. (2002) Erection of Bamboo Scaffolds) 
 
2.3.1.2  Double-layered bamboo scaffold 
 
This type consists of two layers. The inner layer is known as the finishing scaffold 
which is usually erected at about 150mm to 300mm from the building face (K.F. 
Chung and Y.C. Siu, 2002). The outer layer, known as the working scaffold, is erected 
at about 600-700mm from the inner layer.  
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Double-layered scaffolds allow more complicated operations to be carried out at 
height more safely (K.F. Chung and S.L. Chan, 2002). Its use is being encouraged by 
the HKSAR government. It is because it provides working platform between the 
frames so that the workers need not cling precariously to the poles while they work 
(Y.S. So, 2003).  
 
After the amendment of Part VA of the Construction Sites (Safety) Regulations in 
1999, the use of single-layered scaffolds has been banned in the construction stage of 
buildings (Y.S. So, 2003). Furthermore, the Construction Sites (Safety) Regulations 
and the Code of Practice for Bamboo Scaffolding require the contractors to erect 
double-layered scaffolds. This is believed to be the attempt made by the Labour 
Department to reduce the rate of accidents and fatalities (K.W. Wong, 1998).  
 
Fig. 2.2  Structure of double-layered bamboo scaffold 
(Source: Chung, K.F. and Siu, Y. C. (2002) Erection of Bamboo Scaffolds) 
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2.3.2  Metal Scaffolding  
 
Metal scaffolds are formed by metal (mainly steel) tubes joined by couplers. In local 
construction industry, three common types of metal scaffolding systems are used on 
construction sites – tubular scaffold, proprietary scaffold and falsework system - as 
illustrated in the Code of Practice for Metal Scaffolding Safety (2001).  
 
2.3.2.1  Tubular Scaffold 
 
According to the Code of Practice for Metal Scaffolding Safety (2001), tubular 
scaffolds are constructed in tubes and couplers. They are required to be constructed in 
accordance with the design and drawings of professional engineer. It is noted that a 
tube made of steel should have a yield stress not less than 235N/mm², and should 
have an outside diameter of 48.3mm and a wall thickness of 4mm. Several forms of 
tubular scaffolds are found in Hong Kong.  
 
? Putlog scaffold 
This form is also known as single-pole scaffold. According to the Code, the 
system consists only of a single row of vertical standards tied parallel to the face 
of the building. The standards are set away from the building façade at a distance 
so that working platforms can be accommodated in the space between the row 
and the building façade, with its inner edge as close to the façade as practicable. 
The scaffolds are held to the building structure by horizontal members called 
putlogs. This form is usually used for light duty (M.K. Chow and H.K. Ng, 
1998).  
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Fig. 2.3  Structure of metal putlog scaffold 
(Source: Code of Practice of Metal Scaffolding Safety (2001)) 
 
? Independent tied scaffold  
This form has two rows of standards parallel to the building. Boards and toe 
boards are accommodated in between the rows to form a working platform. The 
scaffolds do not rely on the building for support and is therefore suitable for use 
in conjunction with frame structures (Code of Practice of Metal Scaffolding 
Safety, 2001). 
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Fig. 2.4  Structure of independent tied scaffold 
(Source: Code of Practice of Metal Scaffolding Safety (2001)) 
 
? Free-standing tower 
It is a self-supporting scaffolding structure which is totally independent in 
rigidity and stability (M.K. Chow and H.K. Ng, 1998). Referring to the Code, 
this form can be either stationary or mobile and be used both inside and outside 
the building.  
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Fig. 2.5  Structure of mobile access tower 
(Source: Code of Practice of Metal Scaffolding Safety (2001)) 
 
? Cantilever scaffold 
In reference to the Code, it has the working platform supported on cantilevers. It 
is generally used as an access outside a building, where the cantilevers being 
brought through windows or other openings from a frame or anchorage fixed 
inside.  
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2.3.2.2  Proprietary scaffold 
 
According to the Code of Practice for Metal Scaffolding Safety (2001), this type 
comprises a complete set of prefabricated components of unique design, capable of 
erection without any other components. Yet it is still necessary for the manufacturer 
of the system to provide a complete set of instructions, compatible with this Code and 
sufficient to ensure the safe erection and use of the scaffold.  
 
Plane frame scaffolds and modular scaffolds are the most commonly used proprietary 
scaffold systems in Hong Kong. And the Code provides the features and functions of 
the two systems. 
 
? Plane frame scaffold 
It is commonly used for access to ceiling, soffits, walls and columns for carrying 
out light work, for examples, plastering, painting, conduit installation, cleaning 
and similar operations. Each scaffold comprises an arrangement of vertical 
frames and bracings supporting closely boarded working platforms at required 
levels. 
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Fig. 2.6  Structure of plane frame access scaffold 
(Source: Code of Practice of Metal Scaffolding Safety (2001)) 
 
? Modular scaffold 
This scaffolds are mainly made of tubes, angle steel, I-beams, channels, steel 
columns, etc. Most systems of this type are composed of standards with 
preformed connectors welded at intervals along their length to which ledgers are 
fixed with a proprietary clamping or wedging arrangement. 
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2.3.2.3  Falsework System 
 
Falsework is a temporary structure used to support a permanent structure while the 
latter is not self-supporting. In Hong Kong, it is commonly used to support formwork 
for in-situ concrete construction, and from time to time, workers have to work on or in 
the vicinity of the falsework. 
 
2.3.3  Mixed Metal-Bamboo Scaffolding  
 
It is also known as Metal-bamboo matrix system scaffold (MBMSS). In view of the 
respective merits and weaknesses of the prevailing bamboo scaffolds and metal 
scaffolds in local construction industry, MBMSS is developed as an innovative system 
in Hong Kong in an attempt to solve the problems.  
 
According to Y.S. So (2003), the patent system was first introduced and patented in 
2001. It has then been widely used in local construction, especially in high-rise 
buildings of more than 50 storeys. It is tubular skeletal frameworks using steel pipes 
in the forms of main vertical members (posts) and horizontal members (ledgers) for 
supporting loading, and also inclined structured members (bracings) for lateral 
stability. In brief, all load bearing members of the scaffold, the inner grids, working 
platforms and toeboards are replaced and substituted by steel tubes instead of bamboo 
members, whereas the bamboo members serve as the guard rail and fencing only (Y.S. 
So, 2003). Mr. So (2003) believes that the natural fiber content of bamboo can remain 
for a longer time since they only act as the secondary members with the loading 
capacity. Nevertheless, using bamboo members in the system can not only reduce the 
loading of the scaffold, but also increase flexibility and adaptability to suit any 
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contour of construction structure with different requirements (Y.S. So, 2003). 
Productivity and efficiency can be enhanced than that of sole metal scaffold as a 
result.  
 
According to Y.S. So (2003), MBMSS is designed to work up to the height of 60m 
from ground-footing and 30m in height when resting on steel-angle bracket. The 
lifting load can manage up to 1.5 kpa per layer for 3 layer of working platform within 
the zone of 30m.  
 
Similar to bamboo scaffold, MBMSS can be classified into two types- single-layered 
scaffold and double-layered scaffold. (Y.S. So, 2003) Their uses and construction are 
similar to that of bamboo scaffolds with which single-layered scaffold is only used as 
boundary fencing to avoid the fall of persons.  
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Fig. 2.7  The outer and inner layer structure of MBMSS 
(Source: So, Y.S. (2003) Safety Technology to the Scaffolding Industry : Metal 
Bamboo Matrix System Scaffold (MBMSS)) 
 
 
2.4  Chapter Summary 
 
A number of scaffolding systems are found in local construction industry. The 
characteristics and applications of the prevailing scaffolds are discussed. Different 
types are adopted in different projects. It is noted that the choice of a particular 
scaffold for a project is contingent on its suitability which shall go through a series of 
considerations. And those issues of considerations are be addressed in the next 
chapter.  
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Chapter Three   Essential Considerations of Scaffolding System 
 
3.1  Introduction 
 
In the last chapter, the role of scaffold and various types of systems are discussed and 
identified. It is obvious that scaffolding represents an important role in high-rise 
building construction of Hong Kong. According to Y.S. So (2002), most of 
construction operations require the use of scaffolding, and material is an important 
factor which affects the competitiveness as well as its overall investment. This chapter 
aims at defining some design criteria and considerations in the use of a scaffolding 
system to a building construction.  
 
3.2  Design Requirements for Scaffolding  
 
First of all, the design requirements for effective scaffolding shall be determined. J.A. 
Janssen (2002) states that a good design shall be simple and effective in terms of the 
amount of skill and equipment required for its production. He emphasizes that 
stability is a must while strength and deformation must be predicted with a cost 
effective solution. Moreover, he points out that a modular design has many 
advantages includes improved quality, mass production, lower costs as well as 
unskilled labour on site etc.  
 
Under Section 38D of the Construction (Safety) Regulations, contractors are required 
to take the responsibility for the scaffold. The contractors who have direct control 
over any work involving the use of the scaffold are required to ensure it shall not be 
used unless it is: 
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? ensured that the scaffolds are so designed and constructed that it does not 
collapse, overturn or move accidentally; 
? of suitable and sound materials of sufficient strength and capacity for the purpose 
for which it is to be used; and 
? properly maintained and every part thereof kept so securely supported or 
suspended as to ensure, so far as is reasonably practicable, that it is stable. 
 
Meanwhile, the Construction Industry Training Board (CITB) (1997) also sets out the 
basic scaffolding requirements. It states that scaffolds must be rigid, built of sound 
materials on good foundations and be well secured to building or structure.  
 
S. Champion (1996) highlights 3 major considerations for scaffolding, which are 
listed in the order of priority: 
? The safety of work people using the platform. 
? The platform and the supporting scaffold must comply with the statutory 
regulations applicable to the job and location in question. 
? The platform and its supporting structure should comply with the appropriate 
codes of practice. 
 
As stated by S. Champion (1996), the choice of the most suitable scaffolding system 
should be made regarding to the following principles: 
 
? How safety and well the job in hand can be done from the platform provided. 
? Any hidden traps for workmen when performing the work, gaining access to the 
place of work as well as handling and temporarily storing materials.  
? Dangers to others from the scaffolding itself and from materials falling from it. 
Climbing Scaffolding in Hong Kong’s Building Construction 
Chapter Three      Important Considerations of Scaffolding system 
29 
? Susceptibility of the equipment to displacement or overturning by other activities 
and traffic. 
? Safety in erection and dismantling, whereas regard must be paid to the work 
people available to erect, dismantle and periodically modify the scaffold. 
? The scaffold system must satisfy all trades and works that needed to be 
performed on it. 
? The stability of the system after erection must be considered. 
? The complexity of the façade existing or being built and the availability of 
suitably firm places for ties. 
? The loads to be sustained. 
? The maximum recommended height.  
 
Though the above criteria set by S. Champion are mainly for metal access scaffolding 
system, it is found to be useful also for other types of scaffolding prevailing in Hong 
Kong.  
 
M.K. Chow (1998) further summarizes the major aspects in the consideration of the 
design of scaffolding into 4 main points: 
? The scaffolding should be adequate in height, width and length to satisfy the 
requirements in the execution of works and in stacking of construction materials. 
? The scaffolding should satisfy the requirements in stability and rigidity under 
that worse loading and weather conditions.  
? The erection and dismantling of the scaffolding should not cause any damages to 
the construction work. 
? The design should bear with optimization on repeating usage, duration, assemble 
and dismantle operations and transportation arrangement.  
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From the above literatures, there is no doubt that the most important requirement for 
scaffolding is to let the workers to carry out various trades at height safely at a 
reasonable cost.  
 
3.3  Correlation between Cost and Safety 
 
According to D.P. Fang et al. (2004), safety and economy are two correlated factors in 
determining contractor’s choice of scaffolding. The design criteria give some general 
guidelines for the choice of suitable scaffolding system. K.W. Wong (1998) states that 
building factors including time, cost, quality and safety are all interrelated. In the 
following, we shall look at the relationship between cost and safety.  
 
3.3.1  Physical Costs 
 
According to K.W. Wong (1998), cost of scaffolding, in its physical meaning, includes 
material costs, wages of scaffolders, overhead costs, supervision costs, transportation 
costs as well as profit. The physical costs of scaffolding are explicit and easy to 
compare.  
 
3.3.2  Costs of Accidents 
 
However, when considering in adopting a system, other implicit costs besides 
physical costs may also be incurred and should be taken into account. These mostly 
refer to the cost of accidents. S.L. Tang (2004) points out that the costs of accidents 
involve both financial cost and social cost.  
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3.3.2.1  Financial and social costs 
 
As stated by S.L. Tang (2004), financial costs of construction accidents represent the 
losses incurred by private investors, such as contractors, due to occurrence of 
construction site accidents.  
According to a research carried out by Tang, Lee and Wong (1997), the financial costs 
are identified as follows: 
? Loss due to injured person (i.e. the compensation) 
? Loss due to inefficiency of the worker who has just recovered from injury upon 
resuming work 
? Loss due to medical expenses 
? Loss due to fines and legal expenses 
? Loss of productivity of other employees 
? Loss due to damaged equipment or plant 
? Loss due to damaged material or finished work 
? Loss due to idle machinery or equipment 
 
Meanwhile, the social costs refer to losses incurred by society due to the occurrence 
of construction site accidents (S.L. Tang, 2004). S.L. Tang points out that those costs 
are defined as any items that will result in the utilization of national resources and are 
based on social point of view. He states that most of the financial costs are also social 
costs, yet some cost items incurred by the society maybe higher than that incurred by 
contractors. Some examples of social costs are listed by Ngai and Tang (1999): 
? Loss of productive years of the injured worker 
? Families and relatives losses 
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? Costs of providing rescuer services of Fire Services Department 
? Losses due to medical expenses and hospitalization 
? Cost incurred due to various kinds of assistance provided by the Hong Kong 
Police Force, Social Welfare Department, Labour Department as well as the 
Court 
 
3.3.2.2  Direct and indirect costs 
 
On the other hand, Rowlinson (1998) classified the cost associated with the 
occurrence of an accident into 2 categories- direct and indirect costs. Direct costs 
include: 
? sick pay,  
? employees’  
? compensation payments,  
? personal injury claims,  
? public liability claims,  
? repair of damage to building,  
? repair of damage to plant and equipment,  
? replacement of products and  
? overtime payments.  
 
Heinrich(1941) , as quoted by S. Rowlinson, sets a list of indirect costs (1941) which 
includes : 
? costs of lost time of injured employee 
? cost of time lost by other employees who stop work 
? cost of time lost by foremen, supervisors or other executives 
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? cost spent on the case by first aid attendant and other staff 
? cost due to damage to machinery, tools, property and materials 
? incident cost due to interference with production 
? cost to employer for continuing wages of injured worker 
? cost due to loss in profit due to reduce productivity 
? cost due to loss in profit due to idle equipment 
? cost incurred because of subsequent injuries partially caused by the incident and 
? cost of overheads (utilities, heat, rent etc) 
 
Most direct costs can be insured, mainly categorized into the employers’ liability 
(such as employees’ compensation), public or third-party liability and contractors’ all 
risks policies. (Rowlinson, 2003). For example, employees’ compensation insurance is 
compulsory for employers in Hong Kong and is directly related to safety at work.  
 
Meanwhile some direct costs and all indirect costs like loss of productive time are 
obviously uninsured (S. Rowlinson, 2003). The productivity of the supervisors, 
managers and workers may be affected by the insured worker because of stop of their 
normal work to rescue the worker and deal with the emergency. In addition, the cost 
of defense of a prosecution under the regulations and, subsequently, any fine imposed 
may also be uninsured costs. (Fig. 3.1) 
 
And it is noted that uninsured costs are far in excess of insured costs according to a 
study conducted by UK Health and Safety Executive as quoted by S. Rowlinson 
(1997), which is illustrated in the cost iceberg (Fig. 3.2).  
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Fig. 3.1  Typical relationship between different cost types 
(Source: Rowlinson, S. (2003) Hong Kong construction : safety management and the 
law) 
 
Fig.3.2  The cost iceberg 
(Source: Rowlinson, S. (2003) Hong Kong construction : safety management and the 
law) 
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3.3.3  Accidental Costs and Safety Performance 
 
S.L. Tang (2004) points out that the total costs of accidents on a construction site 
depend heavily on the project safety performance. He states that the accident costs 
will be low if the safety performance is good, and vice versa. The Accident Loss Ratio 
(ALR) is proposed by Tang (2004), which is  
ALR =  TC / Contract Sum x 100% 
where TC is the total costs of site accidents in a project.  
 
The proportional relationship between amount of accident loss and safety 
performance is demonstrated in the diagram below.  
 
Fig. 3.3  Accident loss ratio (ALR) versus safety performance 
(Source: Tang, S.L. (2004) Financial and Social Costs of Construction Accidents) 
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3.4  Chapter Summary 
 
The literatures give the fundamental aim of the design requirements set for scaffolds - 
to ensure the workers can work in a safety environment. This chapter reveals a close 
relationship between cost and safety in construction. Accidents can cause great impact 
to the whole construction which implies losses in both time and money. And 
undoubtedly, the most expensive cost of accidents is human lives. As a result, when 
considering the cost-effectiveness of a system, not only physical costs but also the 
costs of accidents shall be taken into account. Here, safety represents a vital role in 
minimizing the costs.  
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Chapter Four   Past Scaffolding Market and Arguments on Various 
Scaffolding Systems 
 
4.1  Introduction 
 
There have been many pros and cons regarding to the use of the various types of 
prevailing scaffolding systems in Hong Kong. Most of the arguments are related to the 
vital considerations of cost and safety issues. This chapter aims at providing some 
information about the past scaffolding market and taking a comprehensive look at the 
pros and cons ever on different systems.  
 
4.2  Market Shares in Past Scaffolding Industry 
 
Over the years, bamboo scaffolding is regarded to be the most dominant system in the 
market. The following table shows the relative market share of various scaffolding 
systems in both 1980s and 1990s, from the survey conducted by Y.S. So and K.W. 
Wong (1998).  
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 In the 1980s In the 1990s 
1. Private Sector Bamboo   100% Bamboo   95% 
Steel      5% 
2. Public Sector 
  a) Housing Department Projects 
 
  b) Housing Society 
  c) C.E.D 
    i) landscape slope repair 
 
 
    ii) fly-over shoring 
    iii) excavation and blastering 
protection 
  d) Provisional Airport Authority and 
Airport Authority 
  e) Building Authority 
    i) scaffold for internal and external 
work for new buildings 
    ii) scaffold for lift shaft area for 
occupied buildings 
 
Gondola   60% 
Bamboo   40% 
Bamboo   100% 
 
- Bamboo  100% 
 
 
- Steel     100% 
- Steel & I-beam  100% 
 
Steel frame scaffold  
100% 
 
- Bamboo scaffold   
100% 
- Bamboo   100% 
 
Gondola   80% 
Bamboo   20% 
Bamboo   100% 
 
- Bamboo   50% 
 Steel tubular scaffold 
50%  
- Steel shoring  100% 
- Steel & I-beam 100% 
 
Steel frame scaffold  
100% 
 
- Bamboo scaffold    
 100% 
- Non-bamboo   100% 
3. A & A Jobs - Suspended scaffold 
Bamboo 95% 
- Gondola and sling chair 
 5% 
- Suspended scaffold 
Bamboo 60% 
- Gondola and rope chair 
 40%% 
Fig. 4.1  The respective percentage of market shares of different scaffolding systems 
in the 1980s and 1990s 
(Source: So, Y.S. and Wong, K.W. (1998) Bamboo Scaffolding Development in Hong 
Kong- A Critical Review) 
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4.3  Pros and Cons of Current Types of Scaffolding in Hong Kong 
 
According to Y.S. So (2003), the trend of construction industry is going in the 
direction of safety, quality and cost-effectiveness. The choice of a scaffold system has 
been under arguments based on the pros and cons of various types. The following 
section mainly focuses on reviewing the pros and cons of each type of system.  
 
4.3.1  Bamboo Scaffolding 
 
Inevitably, bamboo scaffolding has been maintaining a major composition of the 
scaffolding market throughout years despite the fierce competition with other types. 
According to Y.S. So and K.W. Wong (1998), bamboo scaffolding has dominated the 
market in providing temporary working platforms or as a means of access and egress 
for other trade-workers in construction of new buildings and renovation work. The 
above table in the survey shows that the bamboo scaffolding maintains an 
overwhelming market share of the scaffolding industry in most building projects, 
especially in the private sector, despite a slight decline from 1980s to 1990s.  
 
Such a success is attributed to its merits of being economical, flexible and efficient, 
which are stated and agreed by most literatures.  
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4.3.1.1 Successful factors of bamboo scaffold 
 
? Economical  
 
The overwhelming success of bamboo scaffolding in Hong Kong has continuously 
been a hot topic being studied. K.W. Wong (1998) points out the main merit of 
bamboo scaffolding over the metal ones as for its economical factor. Y.S. So (2003) 
also states that bamboo scaffolding, being the most economical system, are mostly 
used locally because of the economic situation in Hong Kong.  
 
As stated by K.F. Chung and S.L. Chan (2002), bamboo has a major advantage of 
having a high strength-to-weight ratio. However, the price of a bamboo strip is 
approximately just 6% of the cost for steel tube of similar length. This attributes a 
great motivation for both the developer and contractor to use the less expensive 
bamboo scaffolds. Moreover, due to its light weight, the traditional scaffolding can be 
easily handled, erected and dismantled with a much faster speed than metal ones. In 
Hong Kong, time is always a key factor for success and it means a lot in terms of 
interest cost (Y.S. So and K.W. Wong, 1998). For other forms of scaffold, it may take 
months to erect or more or less the same length of time for dismantling. Here, K.F. 
Chung and S.L. Chan (2002) suggest an empirical example that with the same 
erection period of 10 days for both bamboo and steel scaffolding, the steel one needs 
to take 10 days also to dismantle while that of bamboo one requires only 1 day. On 
average, Y.C. Tong (1998) highlights that the erection and dismantling of bamboo 
scaffolds are about 6 times and 12 times faster than metal scaffolds respectively. This 
gives an important implication to construction cost saving for an early completion of 
the project by such a fast dismantling.  
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? Efficiency and flexibility  
 
Other successful factors of bamboo scaffolding include its efficiency and flexibility. 
C.C. Chang and T.X. Yu (2002) suggest that no special tools are required in the 
erection and dismantling of bamboo scaffolding. Machinery, power-driven tools and 
tightening equipment are not necessary (K.F. Chung and S.L. Chan, 2002) which 
make the system convenient to use without causing much obstruction during erection 
(K.W. Wong, 1998). And hence bamboo scaffolds can be erected efficiently in a very 
limited working space such as a narrow lane with a width of a meter as suggested by 
K.W. Wong (1998). Y.C. Tong points out that this flexibility makes bamboo scaffolds 
be more advantageous than others in local urban areas where building are tall and 
crowd, leaving limited space for construction.  
 
Furthermore, K.W. Wong states one vital characteristic of bamboo attributes to its 
high flexibility. Bamboo can be easily cut and tailor-made to suit any shape of a 
building structure without any significant adverse effect to its mechanical property. As 
a result, the system is highly adaptable to different construction requirements in terms 
of shape, height and working space. 
 
4.3.1.2  Drawbacks on the use of bamboo scaffold 
 
Despite of its success and dominant use in local construction industry, the practice of 
bamboo scaffolding has attracted arguments and remains a controversial topic to be 
discussed.  
 
Climbing Scaffolding in Hong Kong’s Building Construction 
Chapter Four              Past Scaffolding Market and Arguments on Various Scaffolding Systems 
42 
? Non-standardization 
 
According to K.W. Wong (1998), the major drawback of using bamboo scaffolding is 
that the design of bamboo scaffolding mostly relies on traditional practice and 
experience rather than “scientific” evaluation and “objective” mathematical 
measurement. High numbers of construction accidents associated with bamboo 
scaffolding have hence be resulted.   
 
The vital reason for no precise scientific and mathematical measurement available for 
bamboo scaffolding is that bamboo is a natural material (K.W. Wong, 1998). 
Therefore, it does not possess uniform mechanical properties as mentioned by C.C. 
Chang and X.Y. Tong (2002). Its mechanical properties depend much on species, 
years and locations of growth as well as moisture content. Such variations in the 
moisture content, dimensions, and straightness of bamboo may affect the collective 
strength of the system structure.  
 
The engineering study carried out by C.C. Chang and X.Y. Tong (2002) demonstrates 
that the material properties of commonly used bamboos exhibits large variations by 
having the standard deviation of 30% and 20% of the mean values for the Young’s 
modulus and compressive strength respectively. The test also shows rather large 
variation for the size of bamboo, which ranges from 7% to 20% for various kind of 
bamboo materials. Similarly, K.F. Chung and S.L. Chan (2002) have carried out a 
pilot test to investigate the physical properties of bamboo culms. External diameter, 
wall thickness, dry density and moisture content are identified as vital parameters of 
which some do vary significantly along the length of bamboo culms depending on the 
species. In conclusion, K.W. Wong (1998) argues that the variety in dimension makes 
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it difficult to evaluate the strength of a bamboo. As a result, scientific evaluation can 
hardly be carried out precisely.  
 
K.W. Wong (1998) further points out that this non-standardization property of bamboo 
due to the quality variation of each piece of bamboo makes its suitability for use in a 
particular location left to the judgment of the individual scaffolder.  
 
Furthermore, the strength of bamboo is still in doubt. K.W. Wong states that bamboo 
has a tendency to split, particularly common in the internodes. This is further 
supported by Compression and Bending Tests conducted by K.F. Chung and S.L. 
Chan (2002) which found that splitting is a common failure experienced by the 
bamboo members. This splitting tendency prevents the use of nails, screw or pegs 
unless pilot holes are drilled in advance (K.W. Wong, 1998). Moreover, the variability 
in size and shape of bamboo also makes the design of joints in them difficult (Janssen, 
2002).  
 
As a further examination, the results of systematic tests conducted by K.F. Chung and 
S.L. Chan (2002) indicate that moisture content is the most important factor in 
defining the mechanical properties of the bamboo. This view is shared by nearly all 
literatures. C.C Chang and X.Y. Tong (2002) conclude that bamboo easily cracks 
when the humidity is low and its strength reduces when the humidity is high. K.W. 
Wong (1998) further states that the diameter of bamboo will also decrease due to the 
reduction of moisture especially for immature and green bamboo. Because of this, 
even though bamboo is tied firmly during the erection stage, they may still loosen due 
to reduction in diameter, which may in turn affect the stability of the scaffolding 
structure.  
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However, variation in environmental factors seems to be unavoidable. As highlighted 
by Y.S. So (2003), natural degradation is one of the major problems faced by bamboo 
scaffolds. According to C.C. Change and X.Y Tong (2002), bamboo’s life span is 
expected to be less than one year under Hong Kong’s warm and humid environment. 
Whereas under heavy sunshine and during raining seasons, the reliability of bamboo 
may be reduced to 6 months (Y.S. So, 2003). And such change in weather conditions 
like damp and heat may have adverse effect on bamboo, which further makes the 
strength of bamboo scaffolding extremely difficult to control (K.W. Wong, 1998). 
However, it is hard to control moisture content of bamboo to get the desire 
performance. Moisture content in bamboo decreases with the height of culm from the 
ground and may change with the season and age of the bamboo (K.W. Wong, 1998).  
 
? Lack of quality control  
 
Besides physical imperfection, C.C. Chang and X.Y. Tong (2002) express their 
concern about the quality control and human dependency nature of the traditional 
system. K.W. Wong (1998) attributes the above factors to the limited data available 
for the engineers and designers to refer to, resulting in a lack of local design standard. 
In addition, he comments that the Construction (Safety) Regulations established for 
bamboo scaffolding are only given in general terms and there is no specific 
requirement in the regulations for building professionals to produce design 
calculations or drawings to conform to any standard or specification.  
 
The Hong Kong Occupational Safety and Health Association (2000) also points out 
that the material and quality of bamboo poles are difficult to be controlled by Hong 
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Kong bamboo contractor and/or main contractor, because the bamboo poles are 
mostly imported from Mainland China or other places. The selection and evaluation 
of bamboo standards and quality may be in question by the main contractors, bamboo 
contractors or workers. It thinks that this situation can hardly be controlled under the 
Code of Practice for Bamboo scaffolding.  
 
Lack of quality control represents potential hazard to workers working at height on 
the scaffolds. K.W. Tong and K.F. Chu (1998) express their worry that most people 
would overlook the importance of handling the non-conforming bamboo or scaffolds. 
They believe this ignorance is one of the reasons for the fatal accidents happened in 
construction sites. According to K.W. Wong (1998), though there is a grading system 
for bamboos, it is a common practice for bamboo suppliers to supply a combination of 
standard and sub-standard bamboos on order. This allows suppliers to keep prices 
constant from year to year and absorb the cost by lowering the quality of bamboo 
supplied by them for a given price. That is the reason why bamboo scaffolders have to 
rely more on their judgment, rather than the justification of bamboo by suppliers, to 
select suitable bamboo for erection of scaffolding. 
 
Moreover, the quality of bamboo used in scaffolds is declining for two main reasons. 
On one side, due to the increasing demand for bamboo scaffolds, bamboos are cut 
before mature which are too green and not suitable for use (K.W. Wong, 1998). This 
may subsequently lead to an increase in the accident rate by the failure of bamboo 
scaffolding members. It is because green and immature bamboos have a high moisture 
content which makes them heavy and their diameters may reduce by evaporation of 
moisture when exposed to sunlight (K.W. Wong, 1998). Even though the bamboos are 
firmly tied during erection, they may loosen due to the reduction in diameter. As a 
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result, the whole scaffolding structure is in the danger of collapse. On the other side, 
as declared by K.W. Tong and K.F. Chu (1998), the quality of bamboo supplied from 
China, which is a major source of local bamboo, is not as good as before. Because 
much of the high quality bamboo in China is supplied for producing high return 
products like chopsticks and furniture etc. Only the low standard ones are left for 
scaffolding.  
 
However, even though for 100% conformance during the initial inspection, there is no 
guarantee for safety (K.W. Tong and K.F. Chu, 1998). Mr. Tong and Mr. Chu (1998) 
point out that the quality of bamboo could be deteriorated and the scaffolding 
structure could be again damaged as long as the environment of construction sites is 
changing due to the physical nature of bamboo. As a semi-finished product, its pattern 
is keep changing throughout the contract period. And that is the reason for special 
storage and treatment needed by bamboo (K.W. Wong, 1998). It is noticed that poor 
quality bamboo scaffolding will not only affect the productivity of other tradesmen, 
but also put the site workers in a dangerous trap which may cause fatal accidents 
(K.W. Mok, 1998). 
 
? Human dependency  
 
The third major failure factor for bamboo scaffold is the human dependency nature of 
this traditional system. The erection and dismantling of bamboo scaffolding depends 
highly on the individual skill and experience of the scaffolders (C.C Chang and T.X. 
Yu, 2002). Hence, the safety and effectiveness of bamboo scaffolds rely primarily on 
these specialized practitioners (K.F. Chung and S.L. Chan, 2002). But, there is a 
worry of shortage of competent scaffolders. According to Y.S. So and K.W. Wong 
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(1998), some of the bulk of contractors, who inherited this traditional skill and trade 
from ancient China and came to Hong Kong after 1962, have reached their retirement 
age. And most youngsters nowadays are unwilling to join this trade resulting in a 
shortage of labour for bamboo scaffolding. They further points out that the training of 
bamboo scaffolders needs a much longer time compared to other trades, and not many 
trainees from the CITA will stay in the trade after their graduation for many reasons. 
Those who are still in the trade are either promoted to management level or become a 
self-employed sub-contractor. Y.S. So and K.W. Wong (1998) believe that this 
phenomenon is the reason for the drop in the skill and quality of workmanship in 
general for the bamboo scaffolding trade.  
 
All in all, the above disadvantages of low strength, inflammable nature, irregular 
shape, changeable nature and uncertain quality inevitably adversely influence the 
construction safety and quality as well as companies’ image (D.F. Fang et al., 2004). 
These weaknesses of bamboo scaffolding are regarded to be the main attributes to its 
high accident rate. Safety of bamboo scaffolding are hence put in doubt and become 
the major reason against its use. The safety aspect related is going to be discussed in 
later chapters.  
 
4.3.2  Metal Scaffolding 
 
In Hong Kong, there is no doubt that bamboo scaffolds are more commonly used due 
to their distinct merits. However, according to M.K. Chow and H.K. Ng (1998), metal 
scaffolds are gaining popularity particularly in multi-storey construction and in heavy 
formworks. And numerous low-rise buildings or public utilities projects have also 
used this kind of system (Y.S. So, 2003). Referring to the survey conducted by Y.S. So 
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and K.W. Wong (1998), there is a gradual change of the dominating position of 
bamboo scaffolding. Bamboo scaffolds are being gradually replaced by steel ones. 
Steel scaffoldings are being more widely used not only in most civil engineering work, 
but also for the construction of new buildings. Some projects have changed to use 
steel frame scaffold such as steel tube and beautiframe instead of bamboo scaffold 
(M.K. Chow and H.K. Ng, 1998). Even for the Chek Lap Kok Airport, the Provisional 
Airport Authority had specified the use of metal scaffold throughout the construction 
project. However, D.F. Fang et al. (2004) states that metal scaffolding still remains in 
an inferior position and is adopted very slowly in Hong Kong.  
 
4.3.2.1  Strengths of metal scaffold 
 
The change in the market share is believed to be partly due to the safety controversy 
of bamboo scaffolding and partly due to the merits of steel scaffolding itself. Metal 
scaffolding overcomes the disadvantages of bamboo scaffolding and has such 
advantages as ease of erection, is safe and reliable, and meets the demand for 
standardization and automation in the construction industry (D.F. Fang et al., 2004). It 
is more durable and safer in erection, use and dismantling (M.K. Chow and H.K. Ng, 
1998). According to C.C. Chong and T.X. Yu (2002), the usable life of metal tubes is 
about 15-20 years which is far superior to that of bamboo which normally cannot be 
reused. The modular assemblies and fixing components are adaptable to suit complex 
construction forms. The most significant point is that they have justifiable and reliable 
load bearing capacity (M.K. Chow and H.K. Ng, 1998). Y.Y. Wong (1998) states that 
metal scaffold usually have a “loading certificate” or “Permit to load” when the 
scaffold is completed according to design, issued by an Independent Checking 
Engineer. Moreover, they are quick and easy to assemble, whereas the maintenance 
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cost is small, while it is recognized that less skillful workmen in the bamboo 
scaffolding trade are being available (M.K. Chow and H.K. Ng, 1998).  
 
4.3.2.2  Weaknesses of metal scaffold 
 
The main weakness of steel scaffolding identified is its high price. Moreover, Y.S. So 
(2003) points out that fatal accidents also occur in metal scaffolding due to human 
error and very often, bamboo scaffolding has to be employed for certain difficult areas. 
He believes that metal frame scaffold’s properties of not being flexible results in its 
failure to dominate the market. Also, the system’s price is notably not economical and 
it does not suit the requirements of high-rise buildings in Hong Kong.  
 
4.3.3  Mixed Metal-Bamboo Scaffolding 
 
Since some bamboo structural members may not be able to resist the applied loads 
because of various reasons mentioned before, a new type of scaffolding mixed with 
steel tubes and bamboo poles has emerged recently in local market. According to Y.S. 
So (2002), the highly loaded structural members are made of steel or other metallic 
elements in the system. Meanwhile, bamboo poles are used for the non-load bearing 
members such as ledger and standard (Y.C. Tong, 2002). At present, this innovative 
patented scaffolding system is made partly by bamboo (60%) and steel (40%) (Y.S. So, 
2002).  
 
4.3.3.1  Strengths of MBMSS 
 
Y.C. Tong (2002) appreciates that this type of mixed structure has both the advantages 
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of bamboo scaffolds and metal scaffolds. Meanwhile, Y.S. So (2003) highlights four 
major advantages for this special system – strong structure, environmentally friendly, 
flexible as well as a proven case by the professionals.  
 
As only metal tubes are used for structural members, it is more durable and not 
vulnerable to accidental damages. Any cases of bamboo failure due to 
self-deterioration would not affect the overall structure. Furthermore, metal tube is a 
much stronger material than bamboo, modifications or intentional damages by other 
parties are not easy to achieve (Y.S. So, 2002). External destruction of the system can 
hence be minimized to maintain good conditions of scaffold at all times. And it can 
save a lot in repair and maintenance cost (Y.S. So, 2003). Y.S. So (2002) states that 
the MBMSS can provide better supporting load for the scaffolding structure at the top 
and also an ideal place for anchorage of safety harness at the connection of metal 
tubes.  
 
Y.S. So (2003) claims that MBMSS uses a lot of steel instead of natural wooden 
planks which conform to the environmental friendly principle. Meanwhile, this can 
also prevent the hazard of sudden wooden plank breakage due to weathering and bad 
working conditions.  
 
One major merits of the system is that it can still maintain the high flexibility of 
bamboo scaffolds since the bamboo poles in the system reduce the total weight of 
scaffolding and increase its flexibility (C.S. Poon, 2004). It can suit most of the 
irregular architectural features in building construction, as regarded by Y.C. Tong 
(2002). Y.S. So (2002) also points out that the new system manages to provide 
reasonable flexibility which can be applied on any design or shape of building up to 
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45 meters high. He argues that MBMSS enables flexibility and adaptability to the 
various miscellaneous and different requirements which occur in practice, providing a 
higher productivity and efficiency than metal system scaffolding. Moreover, the 
erection and dismantling time of this mixed structure will be much less than that 
required by metal scaffolding.  
 
Furthermore, Y.S. So (2003) suggests that MBMSS is a structure that can be verified 
by any professional engineer who is equipped with computer knowledge and on 
structural basis. The situation is different from the past when it was very difficult to 
design and calculate any slender bamboo structure.  
 
4.3.3.2  Weaknesses of MBMSS 
 
Yet the use of the new technology is not without shortcomings of which some are 
listed by Y.C. Tong (2002). He claims that the skill requirement for scaffolders will be 
much higher since this type of scaffold comprises both bamboo and steel elements. It 
is because the scaffolders should be familiar with both skills in bamboo scaffolding 
and metal scaffolding erection. Besides, the system will be, to certain extent, more 
expensive than traditional bamboo scaffold as bamboo poles and nylon ties are much 
cheaper than steel tubes and couplers. Y.S. So (2002) also admits that the financial 
burden to the huge investment for the whole building has limited the application of 
this mixed scaffolding structure partly, usually most popular at one half or a third of 
the overall height of building instead. Regarding the cost, Y.C. Tong (2002) roughly 
estimates that the cost ratio of bamboo scaffold, mixed scaffold and steel scaffold is 
about 1:3:6 for one construction project. But in long run, he points out that the 
maintenance costs for these 3 types of scaffolds are just in reverse ratio and the steel 
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tubes can be reused for many times, hence the cost difference will be leveled out 
when more and more projects are taken into consideration.  
 
Despite the cost factor, Y.S. So praises that the design of mixed metal-bamboo system 
is based on well-proven technology to comply with safety standard. Each job is 
designed, calculated and documented with drawings with the approval from the 
registered professional engineers to ensure safety. It is therefore worth notice that the 
mixed system will be more commonly recognized as an alternative option in the 
market.  
 
4.4  Chapter Summary 
 
Different scaffolding systems possess different strengths and weaknesses. Bamboo 
scaffolds, though has been in the dominating position of the market for decades, are 
found to have much uncertainty, especially in the safety aspect. Arguments are being 
attracted. Meanwhile, the uses of other types are restricted by their high costs. In view 
of this, some construction companies has begun to seek for a better alternative for 
local construction.  
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Chapter Five    Emergence of New Building Technology- Climbing 
Scaffolding 
 
5.1  Introduction 
 
Among the several types of scaffolds available in local market, a rather new and 
intelligent system has come up as an innovative alternative. It is the Climbing 
Scaffolding (also known as up-down scaffolds, integral elevated scaffolds). The new 
technology is developed in Mainland China and widely used in Shenzhen and 
Shanghai (Y.S. SO, 2003), to meet the ever growing needs of construction of high-rise 
buildings there (D.J. Liu).  
 
It has been just imported into Hong Kong in recent years and is gaining attention for 
its unique strength in both design and safety aspects. The application of climbing 
scaffolding has long been investigated by the academics in China, while Hong Kong 
is just at a start to take notice of the system.  
 
5.2  Characteristics and Application of Climbing Scaffolding 
 
According to C.S. Poon (2004), the new system is a computerized self-climbing 
system scaffold for the construction of high-rise buildings. It is driven by electrical 
witch or pulley system (Y.S. So, 2003). Climbing scaffolds are extensively used in 
high-rise construction. One set of scaffold will usually cover 4 to 5 storeys as 
designed by the main contractor (Y.S. SO, 2003). At the end of the construction of 
these storeys, the whole scaffold structure will be elevated to a few storeys higher 
than by tens of motors so that the construction can be continued (D.J. Liu, 1998).  
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Fig. 5.1  A distant view of climbing scaffolding 
(Source: Sanfield Building Contractors Ltd.) 
 
The system comprises of mainly four parts. They are a computerized control system, a 
set of guiding and fastening system, a lifting device and a multi-functional steel 
scaffold.  
 
? Computerized control system 
 
The control system mainly controls partial or full lifting of the scaffolds upward and 
downward (C.S. Poon, 2004). It also serves the function of monitoring the 
performance of the scaffold.  
 
According to Techen (2004), a Shenzhen supplier of the system, the unit consists of a 
sensor which acts as an overloading warning system with alarm to minimize risks. 
The lifting force is automatically equilibrated to each position and the scaffold will be 
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automatically stopped when overloaded There is also real-time monitoring. And the 
height of the lift is easily adjustable through the device (C.S. Poon, 2004). 
 
? Guiding and fastening system 
 
The system primarily consists of a set of double guide rails which keep the scaffold 
stable during its lifting and lowering (C.S. Poon, 2004). Each rail can only move up 
and down but not inside and outside, let alone left side and right side (Shenzhen 
Tehchen, 2004).  
 
Fig. 5.2  Anti-tilting system of climbing scaffolding 
(Source: Sanfield Building Contractors Ltd.) 
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Fig. 5.3  Guide rails and adjustable tension rod of climbing scaffolding 
(Source: Sanfield Building Contractors Ltd.) 
 
The rails are equipped with a fall-arrest system to enhance safety. The fall-arrest 
system is incorporated at the lower edge of climbing scaffolds (M.H. Qiu et al., 1998) 
where it can clamp the scaffolds to the rails when there is overriding, overloading or 
sudden free-falling to prevent further fall. An even if one of the scaffold frames drops, 
it won’t bring chain reaction to its neighborhood and it only drops down by 30cm in 
maximum (Techen, 2004).  
 
? Lifting device 
 
The lifting device generates and provides power to the lifting of the scaffold along the 
rails. It can either be electrical, manual or hydraulic (M.H. Qiu et al., 1998), whereas 
electrical types are most popular. For the electrical type, there is an electric chain 
block equipped with an anti-skid system and a high strength chain support with a 
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capacity of over 15MT. (C.S. Poon, 2004)  
 
? Multi-functional steel scaffolding 
 
The structure of the scaffold frame is similar to other common types. It is a vertical 
space structure with high angular rigidity (Techen, 2004). In China, the framework is 
built with steel but paved with wood still (D.J. Liu). And the frame can only run at its 
positions synchronously, otherwise they will be blocked by touching or striking each 
other (Techen, 2004). The members of the structure are connected than that separately 
installed and hence are safer to be mutual. Meanwhile, the suspended corner of the 
frame just increases the horizontal force of the guiding set (Techen, 2004). The frame 
body is still a space frame with great vertical strength. Fig. 5.4 to 5.6 show the 
structure of climbing scaffolding system.  
 
Fig. 5.4  Structure of climbing scaffold (1)  
(Source: Sanfield Building Contractors Ltd.) 
Climbing Scaffolding in Hong Kong’s Building Construction 
Chapter Five                     Emergence of New Building Technology- Climbing Scaffolding 
58 
 
Fig. 5.5  Structure of climbing scaffold (2) 
(Source: Sanfield Building Contractors Ltd.) 
 
Fig. 5.6  Structure of climbing scaffold (3) 
(Source: Sanfield Building Contractors Ltd.) 
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5.3  Strengths and Weaknesses of Climbing Scaffolding 
 
Like other scaffolding systems, climbing scaffolding has its own strength and 
weaknesses for its application in Hong Kong.  
 
5.3.1  Strengths of Climbing Scaffold 
 
? Economical 
 
Economical efficiency is appreciated as one major merits of the new technology. 
Climbing scaffolding has the financial advantages in both material and manpower. 
According to D.J. Liu (1998), climbing scaffold is not necessary to be set up from 
ground all the way to the top level., results in a limited consumption of steel by only a 
few storeys. Shenzhen Techen (2004) claims that the steel consumption of climbing 
scaffold is only 1/6 that of fixed type scaffolds. And C.S. Poon (2004) also highlights 
that the system reduces 60% of material used when compared with traditional 
scaffoldings. This view is shared by J.F. Li et al. (1998) who further point out that 
climbing scaffolding can save investment by 40%, and this economical factor is more 
obvious in the construction of buildings over 80m. 
 
In the manpower aspect, climbing scaffolding requires only half of equipped manual 
labour of fixed type scaffold while the working environment is improved and working 
stress is lessened (Techen, 2004). Besides, C.S. Poon (2004) indicates that climbing 
scaffolding requires only one time installation and can be used repeatedly, which 
implies a shortening in the construction time. Labour intensity and hence scaffolding 
erection cost are reduced (J.F. Li et al. 1998). Moreover, the parts of the system are 
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usually standardized and therefore reusable (C.S. Poon, 2004). As a whole, costs are 
reduced consequently.  
 
? Efficiency 
 
Another important feature of climbing scaffolding related to its efficiency, especially 
its ease of construction and operation. According to C.S. Poon (2004), the system has 
a fast concreting cycle and can suit different heights, building shapes and slopes. It is 
because the components can be decomposed and recombined easily and securely 
(M.H. Qiu et al., 1998).  
 
For its operation, Climbing scaffold requires merely simple assembly and setting up, 
as stated by C.S. Poon (2004). The system can be lift upward and downward easily 
(C.S. Poon, 2004). At the same time, it can also be lift wholly, partial or individually 
which allows great flexibility during construction (K.M. Ngai, 1996). Nevertheless, 
the speed of climbing scaffolds is fast and no tower crane is needed which results in 
the acceleration of overall project process (Techen, 2004). As highlighted by D.J. Liu 
(1998), the elevation takes only 30 minutes for a storey.  
 
Furthermore, Shenzhen Techen (2004) asserts that the applications of climbing 
scaffolding system can help in forming cultured construction site. It is because the 
daily material lifting (during assembling and disassembling) and material flowing 
cannot influence the construction environment with the scaffolds. Meanwhile, less 
calculating of flowing of large amount of material results in conveniences in 
management  
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? Safety  
 
Climbing scaffolding is highly appreciated for its safety device incorporated. D.J. Liu 
(1998) believes that the new technology is much stronger. According to Techen (2004), 
climbing scaffolding is safe since it can be assembled and disassembled on ground. 
Moreover, it states that multiple safe precautions in the whole lifting process 
conducted prove that the climbing scaffolds are perfectly safe. Techen (2004) reports 
no tilting or falling of climbing scaffold happened in more than 200 applications in 
high-rise construction. It argues that the safety and reliability of the system are highly 
ensured.  
 
C.S. Poon (2004) appreciates the built-in safety systems of climbing scaffolding in 
ensuring safe working environment. The main rail of climbing scaffolds provides 
stable connection, while anti-tilting capability is enhanced by the assist guides (M.H. 
Qiu, et al., 1998).  
 
Meanwhile, there is an automatic alarm system for any malfunctioning of the 
scaffolds with a high sensitivity and short response time (M.H. Qiu et al., 1998). And 
the digital display of the loading of the scaffolds provides an overloading warning 
system to minimize risk. Whenever any problem arises in an individual part of the 
scaffolds, the whole system will automatically stop working.  
 
Furthermore, climbing scaffolding itself avoids the use of any individual or separate 
pieces of fittings (e.g. couplers), especially in the case where the main pole is under 
stress, and hence prevents the problems of tilting and falling etc (M.H. Qiu et al., 
1998).  
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5.3.2  Weaknesses of Climbing Scaffold 
 
D.J. Liu (1998) points out that the new technology does consist of some difficulties in 
showing its design and operations, which may present problems in understanding its 
application. He believes that the problems are mainly attributed by the large scale and 
complicated structure of the scaffold. Moreover, the operation cycle is too long that 
the movement of the scaffold is not easy to be observed.  
 
Furthermore, according to Y.S. So (2003), there have been accidents in China before. 
And the major problem is that local workers in Hong Kong are not familiar with the 
technical know-how. As a result, climbing scaffolding is not so popular and is still on 
its trial and error basis.  
 
5.4  Comparison between Bamboo Scaffolding and Climbing Scaffolding 
 
In respect of the characteristics of scaffolding system, C.S. Poon (2004) summarizes 
the comparison between bamboo scaffolding and climbing scaffolding as following 
tables. It shows the overwhelming advantages of climbing scaffolds over bamboo 
scaffolds in many aspects.  
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 Bamboo Scaffolding Climbing Scaffolding 
Material used Around 382,200m long for 
48-storey building (i.e. 
50,960 bamboo poles) 
Around 300MT steel parts 
used 
Waste generation More waste generated Less waste generated, 
reusable equipment 
Labour Skill Skilled Semi-skilled 
Training for workers Demanding Less demanding 
Labour supply Limited Easily available 
Dismantling Risky Safe 
Material Potential fire risk Non-combustible 
Stability & Durability Damage under strong wind 
& weather etc. 
More stable & durable 
Table 5.1  Comparisons between bamboo scaffolds and climbing scaffolds 
(Source: Poon, C.S. (2004) The website of Low waste building technologies and 
practice [online], 
http://www.cse.polyu.edu.hk/~cecspoon/lwbt/Frame_Page/Frame_scaffolding.htm) 
 
5.5  Chapter Summary 
 
This chapter briefly introduces the characteristics and application of climbing 
scaffolding system. It gives a review on the literatures discussing the respective 
strengths and weaknesses of the new system. And more details of the operation and 
arguments of the climbing scaffolding system will be presented in the next section.  
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Chapter Six   Safety and Cost Implications of Scaffolding 
 
6.1  Introduction 
 
As indicated in Chapter Three, safety and cost are closely related in the construction 
industry. Likewise, the two factors represent important issues and considerations in 
the scaffold market.  
 
6.2  Safety Issues 
 
Safety is long regarded as one of the major concern in local construction sites. 
Referring back to Fig.1.1 and Fig.1.3 in Chapter One, the number of construction 
accident has experienced a gentle reduction over the past ten years. Yet it still stands 
for a rather high percentage of total number of industrial accidents. According to the 
number of industrial accidents in various industries in Hong Kong in Year 2003, it is 
found that construction took up a significant proportion (around 25%) and was the 
second most industry vulnerable to accidents.  
Industry Grand Total Percentage
Catering industry 8527 49.43% 
Construction 4367 25.32% 
Food, beverages and tobacco 753 4.37% 
Other non-manufacturing industries 638 3.70% 
Land transport and allied industries 579 3.36% 
Others* 2385 13.83% 
TOTAL 17249 100.00% 
Table 6.1  Industrial accidents analyzed by industry in Year 2003 
(Source: Hong Kong Monthly Digestive Statistics) 
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Fig, 6.1  Industry accidents analyzed by industry in Year 2003 
 
(*Others refer to other industry of which each had a percentage of accidents less than 
3%, e.g. textiles, plastic products, electricity and gas etc) 
 
6.2.1  Scaffolding-related Accidents 
 
H.K. Mak (1998) from Labour Department hightlights that a high percentage of the 
accident tolls is related to working with scaffold. And this issue has long been under 
arguments. “Fall of persons” and “collapse” are regarded as two main types of 
scaffolding-related accidents (Y.S. So, 2003).  
 
6.2.1.1  Fall of Persons 
 
According to D.P. Fang et al. (2004), three quarters of the total number of 
construction fatal accidents occurring on construction site are due to falls from height. 
H.K. Lee (1996) states that workers may fall off when riding on frames, fall through 
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planks or fall off when ascending and descending scaffolds at different levels. As 
mentioned in Chapter One, there is an overall decrease in number of the industrial 
accidents caused by “Fall of Persons” from 1994-2003. However, Fig.1.3 shows that 
the rate of reduction of “Fall of Persons” in construction industry was rather low, 
especially after 1998, compared to the overall rate. And it is noticed that the accidents 
caused by “Fall of Persons” took up 11.5% of all the construction accidents in Year 
2003.  
 
Statistics have shown a strong relationship between the use of bamboo scaffolds and 
falls of persons (H.K. Lee, 1996). As indicated by an analysis conducted on the causes 
and places of fall of persons for death on construction site in 1981-1987, a total of 55 
out of 173 deaths were related to the collapse of scaffolds, while 48 out of 173 deaths 
fell from bamboo scaffold or platform on scaffold. K.H. Lee (2002), a registered 
safety officer, further states the figure represents 28% of all death. He concludes from 
the study that people have concerns about the safety of bamboo scaffolding and do not 
regard bamboo scaffolding to be as safety as metal scaffolding.  
 
From Table 6.2 and Fig. 6.2 in the following page, it was found that the number of 
scaffold-related causes contributed to nearly 32% of total death by fall of persons. 
And the number of persons falling from bamboo scaffolds contributed to 28% of the 
total number of fall of persons, while those from steel scaffolds contributed only 2% 
(Table 6.3 and Fig. 6.3). It is worth notice that workers on scaffolds, both bamboo and 
steel, are very vulnerable.  
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Cause of Fall Number 
Loss of balance 88 
Platform, ladder, scaffold or other place of work collapse (in whole 
or in part) due to failure of construction members 
35 
Platform, ladder, scaffold or other place of work collapse (in whole 
or in part) due to insecure fixing 
16 
Taking wrong step 6 
Boatswain's chair fell due to failure of its suspension system 4 
Collapse of scaffold being struck by a falling object 4 
Woodwook roofing fractured 4 
Unsafe operation of hoist - unsafe signalling system 3 
Blown off by air current 2 
Rope breakage of boatswain's chair 2 
Displacement from place of work 2 
Unsafe operation of passenger lift under repair 1 
Unsafe operation of passenger hoist - landing gate not interlocked 1 
Detachment of side plate of receptacle of platform hoist 1 
Carrying of person by metal bracket inside caisson 1 
Slippery roof 1 
Unknown 2 
TOTAL 173 
Table 6.2   Analysis by cause of fall for 173 deaths on construction site from 
1981-1987  
(Source: Lee, H.K. (1996) Construction Safety in Hong Kong) 
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Place of Fall Number 
Working platform or workplace at height 54 
Bamboo scaffold or platform on scaffold 48 
Upper floor over floor edge or thorugh floor opening 14 
Roof 10 
Boatswain's chair 7 
Rack 7 
Ladder 7 
Lorry 6 
Lifting appliance 5 
Metal tubular scaffold or platform in metal tubular scaffold 3 
H-beam 2 
Down Excavation from ground level 2 
Stacked up goods 1 
Same level 1 
Top of neon sign 1 
Stool 1 
Boulder 1 
Into Lift shaft 1 
Rig 1 
Unknown 1 
TOTAL 173 
Table 6.3   Analysis by place of fall for 173 deaths on construction site from 
1981-1987 
(Source: Lee, H.K. (1996) Construction Safety in Hong Kong) 
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Fig, 6.2  Analysis by cause of fall for 173 deaths on construction site from 1981-1987 
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Fig, 6.3  Analysis by place of fall for 173 deaths on construction site from 
1981-1987 
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Besides, C.C Chang and T.X. Yu (2002) also express their concern over the safety of 
bamboo scaffolds by stating the findings by the Labour Department. They quote a 
total of 31 fatal accidents related to the traditional trading between 1994 and 1998. 
H.K. Mak (1998) points out that among 41 fatal accidents occurring on the 
construction site in 1997, 20 were caused by fall of persons, in which 6 (i.e. 30%) 
were related to bamboo scaffolding.  
 
Referring to recent days, according to the Hong Kong Monthly Digest of Statistics 
published by the HKSAR government, the number of construction accidents has 
decreased significantly from 19588 in year 1998 to 4367 in 2003. However, the 
number of accidents caused by fall of person failed to undergo the same rate of 
change. Despite the huge drop experienced by the whole construction industry, the 
number of fall of person remained a large percentage in the construction accidents 
(Fig. 6.4).  
 
Moreover, the number of death caused by fall of person from height has also long 
maintained a high percentage throughout the decade in both the number of 
construction death and overall industrial death. (Fig. 6.5) Although the number has 
decreased to below 10 in 2003, the percentage still presents a worry.  
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Fig, 6.4  Number of industrial accidents in local construction industry between 
1994 to 2003 
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Fig, 6.5  Number of death caused by industrial accidents between 1994 to 2003 
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6.2.1.2  Collapse 
 
As stated by K.W. Wong (1998), typhoons are one of the biggest enemies to bamboo 
scaffolding. It is one of the reasons for the collapse of scaffold (Y.S. So, 2003). 
Unfortunately, Y.S. So (2003) indicates that there is no effective means to stop 
bamboo scaffold from breaking into parts and collapse besides preventive measures to 
strengthen it before the typhoon has arrived, especially when the scaffold is erected 
higher than the building. And K.W. Wong also points out that there is no special 
method for maintenance or reinforcement of bamboo scaffolding at the time of 
typhoon because of insufficient scaffolders and time needed to take precautions and 
measures.  
 
Collapse of scaffolding can cause a wide extent of dangers and damages. One 
example is the collapse of a bamboo scaffolding outside a hotel in Tsim Sha Tsui in 
2002 in which a person died and 16 others were injured. Another example of collapse 
in Ma Tau Wai Road in the same year caused the blockage of all lanes of Ma Tau Wai 
Road which results in great inconvenience and hence losses.  
 
6.2.2  Factors of High Accident Rate of Bamboo Scaffolding 
 
? Lack of safety practice 
 
The high bamboo scaffolding-related accident rate is due to two reasons. K.W. Mok 
(1998) states the importance of the quality of workmanship in ensuring the rigidity 
and stability of the scaffolding due to the difficulty of applying structural calculation 
in the trade. However, K.W. Wong (1998) concludes from the past accident records 
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that quite a number of the accidents happened to users of bamboo scaffolding. He 
points out that the accidents are usually caused by unsafe practice on scaffolding or 
improper use of bamboo scaffolding.  
 
According to Y.S. So and K.W. Wong (1998), the factor is closely linked to the culture 
of Hong Kong construction workers. The scaffolds built are often being cut by other 
workers such as formwork erectors, plastering workers or casual workers for 
convenience. The fact is that bamboo scaffold has the advantage of high flexibility 
and adaptability but also the disadvantage of being easily damaged by others. One 
example of improper practice involves the removal of putlogs by other tradesmen 
without notifying the responsible bamboo scaffolders and their supervisors (K.W. 
Wong, 1998). This bad practice is extremely dangerous, since the whole bamboo 
scaffolding structure may collapse if too many putlogs are removed. Another common 
wrong practice is that the workers may use the scaffolding working platform to stack 
building materials such as wall tiles before fixing.  
 
On the other hand, most bamboo scaffolders ignore the importance of safety measures 
when working at height. K.W. Wong (1998) urges the need for bamboo scaffolders to 
wear safety equipment and clothing. He points out that, however, there are no special 
shoes designed specifically for bamboo scaffolders. The traditional safety shoes are 
too heavy and have heels which can cause an obstruction when climbing over the 
bamboo. As a consequence, most bamboo scaffolders wear rubber shoes instead, 
which may not be safe. Moreover, Mr. Wong also states the necessity for every worker 
who works at height to wear safety belt or harness. Nevertheless, the fact is that 
scaffolders are usually not willing to have any such safety equipment for the sake of 
convenience in moving around the bamboo scaffolding.  
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? Lack of safety measures 
 
Nevertheless, 100% safety can never be guaranteed even though the scaffolders have 
worn all safety measures. The argument is presented by C.C Cheng and T.X. Yu 
(2002), who conclude from their engineering study that the bamboo scaffold 
intersection is not a suitable anchorage for the safety belt and harness. A more strong 
and permanent structure or an independent lifeline for attachment of safety belt shall 
be sake.  
 
Y.Y. Wong (1998) of a safety consultants company argues the failure of maintaining 
scaffolds in a serviceable and safe condition as the most common cause of scaffold 
failure. As mentioned before, bamboo scaffolds can be easily deteriorated and 
damaged. Therefore, ongoing maintenance and repair of the structures are required 
from time to time when building work is in progress as well as before and during 
dismantling (K.W. Wong, 1998). However, the importance of constant inspection and 
maintenance is often overlooked by the contractors. The unfair contract terms for 
bamboo scaffolding companies is regarded by Y.S. So and K.W. Wong (1998) as one 
possible reason for this. Under the existing tendering practice, the tendering rate for 
bamboo scaffolding contract is deemed to be insufficient to cover any repair cost. 
Therefore, most of the bamboo scaffolding companies are reluctant to do the repair 
work for damages which are caused by other trades, or they will simply carry out the 
minimum amount of repairing work. And this in turn affects the quality of service and 
the safety use of bamboo scaffold.  
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? Psychological effects 
 
According to a hazard analysis conducted by D.P. Fang et al. (2004), the risk of 
accidents in bamboo scaffolding was found to be much higher than metal one. They 
points out that the result of the experimental psychology based test indicates the 
workers using bamboo scaffolding became nervous, tired and act erratically more 
easily and accidents are likely to be caused as a result.  
 
As a whole, Y.S. So (2002) points out that most of the collapse cases of bamboo 
scaffold involve either part of the above scenario or the combination of all situations. 
 
6.2.3  Legislative Control – Codes of Practice 
 
In Hong Kong, requirements are set on the bamboo scaffolding and metal scaffolding 
trades by the HKSAR government. Under the Factories and Industrial Undertaking 
Ordinance (FLUO) (Cap 59), the Occupation Safety and Health Branch of Labour 
Department has issued both the Code of Practice for Bamboo Scaffolding Safety and 
Code of Practice for Metal Scaffolding Safety in 2001.  
These codes aim to provide practical guidance for compliance with the relevant 
requirements under the FIUO and the Construction Sites (Safety) Regulations. The 
COPs gives a summary of the statutory provisions in relation to respective bamboo 
scaffolding and metal scaffolding, particularly the responsibilities of both the 
proprietors and the employees in ensuring safety and health at work. They give 
advises on actions to be taken to manage safety and health at scaffolding work, 
covering such areas as proper planning to minimise work hazards, criteria in selecting 
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subcontractor, site management, monitoring of safety performance and training of 
bamboo and metal scaffolders. Other areas included are technical requirements in 
constructing bamboo scaffolds, and their maintenance, inspection and dismantling.  
Nevertheless, the codes of practice are just provided on guidance basis. Its effect is 
put into controversy. Failure to observe any provisions in the codes will not contribute 
itself to an offence. And hence the implementation and enforcement of the safety 
requirements stated in the codes are in enquiry. The Hong Kong Occupational Safety 
and Health Association (2000) expresses its doubt on the practicability on this code of 
practice in local construction industry. And it states that if comply with the code of 
practice for bamboo scaffold safety, over 95 per cent of main contractors /bamboo 
contractors have breached the code of practice and Hong Kong laws because of 
non-compliance the standards.  
Currently, no codes of practices have been proposed and provided for MBMSS and 
climbing scaffolding.  
 
6.2.4  Safety and Technology 
 
In view of the above issues, Y.S. So (2003) claims that there have been many critics 
advocating the consideration of banning bamboo scaffolding in Hong Kong owing to 
the poor accident statistics associated with the traditional trade.  
 
The current scaffolding system in Hong Kong has attracted many accidents, which is 
particularly truth for the dominant bamboo scaffolds. From the analysis results, D.P. 
Fang et al. (2004) highlight the importance of improving the working conditions of 
scaffolding to decrease workers’ nervous emotions and unsafe behaviors. According 
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to S. Rowlinson (2004), one way of dealing with the safety issues on site is to provide 
innovative technological solutions to problems. In order to reduce the high accident 
toll of scaffolding, Y.S. So (2003) states that the scaffolding system itself shall be 
improved by adopting advanced technology to raise the level of safety by means of 
strengthening the materials and improving the design.  
 
6.3  Cost Issues 
 
As mentioned before, the cost of a construction trade includes both physical costs and 
costs of accidents. However, as the scope of costs of accidents is very wide and 
difficult to predict. Only physical costs are discussed here. Two main immediate 
physical costs of a scaffold system identified are material cost and labour cost.  
 
6.3.1  Material and Labour Cost 
 
The major materials used in the local scaffolding are bamboo, steel and sometimes 
aluminum. The material cost referred in scaffolding industry is inclusive of labour and 
material costs. In 1998, the average cost of a piece of 6-metre-long brand new 
bamboo is approximately $10. Meanwhile, a standard piece of steel tube of 6 metres 
long and 48mmΦ is $75 to $80 on average depending the place of origin. Standard 
Aluminum alloy tube is even much more expensive, about $250 per piece (2 metres 
long) (Y.S. So and K.W. Wong, 1998). Therefore, comparing the costs, the cost ratio 
of a similar material piece of bamboo, steel and aluminum is about 1:8:75. And the 
prime cost ratio of bamboo scaffold, bamboo-steel scaffold and steel scaffold is 
1:1.6:3 (Y.S. So, 2003).  
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Fig, 6.6  The cost ratio of bamboo, steel and aluminum 
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Fig, 6.7  The cost ratio of bamboo scaffold, MBMSS and metal scaffold 
(Source: So, Y.S. (2003) Safety Technology to the Scaffolding Industry : Metal 
Bamboo Matrix System Scaffold (MBMSS))  
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6.3.2  Economic Effectiveness 
 
According to D.F. Fang et al. (2004), the unit rate for scaffolding is determined by its 
cost and volume of work, which is in turn influenced by the cost of a construction 
project and contractors’ profit. The lifetime analysis of the net present value and the 
payback period are vital considerations in the cost. They concludes from their analysis 
that the cost of bamboo scaffolding is low and the initial investment in metal one is 
relatively high, whereas the rent of metal scaffolding is 2 to 2.5 times of that of 
bamboo scaffolding. They further points out that the payback period of bamboo 
scaffolding is shorter and the risk is low, while that of metal scaffolding is longer and 
the risk is higher. The rent of metal scaffolds could be decreased only if there is a 
stable market demand of it (D.F. Fang et al., 2004).  
 
Nevertheless, D.F. Fang et al. (2004) appreciates the advantages of climbing 
scaffolding as short payback period, low risk and less material consumption.  
 
6.4  Comparison on Safety and Cost between Different Scaffolds 
 
It is apparent that there is a high accident toll related to scaffolding. The traditional 
bamboo scaffolding in particular has been long argued for its safety implications. But 
with the overwhelming low initial cost, bamboo scaffolding remains a popular trade in 
local construction industry.  
 
In the synthetic comparison, D.F. Fang et al. (2004) conclude that metal scaffolding is 
better than bamboo scaffolding in terms of safety performance, economic 
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effectiveness and other aspect such as quality and company image etc. Moreover, they 
highlight the point that climbing scaffolding system provides excellent result in 
synthetic assessment and its cost is relatively low. They thinks that its unit cost will 
decrease with an increase in the height of building. On the whole, they conclude that 
metal scaffolding has advantages over bamboo scaffolding, while climbing 
scaffolding would have a bright prospect in Hong Kong due to its safety performance 
and reasonable cost.  
 
6.5  Chapter Summary 
 
This chapter summarizes and compares different views on the safety and cost issues 
of different scaffolding systems in Hong Kong. Different systems are found to have 
certain advantages over others in these two areas. Meanwhile, climbing scaffolding is 
regarded to probably represent the best choice in the balance of safety and cost.  
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Conclusive Remarks of the Section 
 
Scaffolding takes an important role in the building construction industry by providing 
platforms for various trades during the construction process. Various prevailing 
scaffolding systems are discussed to provide a general knowledge of the scaffolding 
market.  
 
Design criteria for scaffolding are particularly demanding in the safety aspect since 
injury and death can be resulted by defective scaffolds. The relationship between costs 
and safety were introduced and discussed in this chapter. One of the main objectives 
of this dissertation is to compare the cost and safety of different types of scaffolding, 
especially between bamboo scaffolds and climbing scaffolds. Therefore, the review on 
different categories of costs helps to highlight the importance of safety in terms of 
cost when considering adopting a system.  
 
Arguments on the use of different type of scaffolding system were reviewed. It has 
been widely admitted that bamboo scaffolding lacks design standards, which goes 
against the design criteria of any construction work. More importantly, the variable 
nature of bamboo scaffolding makes it a rather risky system to be used. Other types 
like metal scaffolding and mixed scaffolding are safer than bamboo scaffolding. Yet, 
due to the cost and storage problems, they are not as frequently adopted as bamboo 
scaffolds in building construction.  
 
The emergence of climbing system is investigated. Though there have been lots of 
literatures discussing the implications of the use of various types of scaffolding 
system, most focus on bamboo scaffolding and the comparison between bamboo type 
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and metal type. There are merely few research studies mention the application of 
climbing scaffolding, especially in local construction industry.  
 
In order to determine the opportunity of a new technology in local construction 
industry, it is important to first examine the practices over these few years. The 
literature review gives some general idea of the current scaffolding market and 
features of climbing scaffolds, which will be useful to assess the chance of success for 
the new system in Hong Kong.  
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Executive Summary of the Section 
 
This section consists of three chapters illustrating the research methods involved in 
the study and the interpretation of the findings in the questionnaires, interviews as 
well as case studies. 
 
Chapter Seven, “Research Methodology”, demonstrates and describes the research 
methods established for the study. It provides the rationales behind the methods 
adopted. The respective strengths, weaknesses and limitations of the methods are 
discussed.  
 
Chapter Eight, “Analysis and Interpretation of Questionnaire Findings”, summarizes 
the findings from the responses of the questionnaires. Analysis and interpretation of 
the results are included. Part of the interview findings are also incorporated to explain 
the results demonstrated.  
 
Chapter Nine, “Interpretation of Interview Findings and Case Studies”, summarizes 
the findings from the interviews conducted to illustrate the situation of current 
scaffolding market and the application of climbing scaffolds. Two case studies are 
included to verify and explain the points.  
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Chapter Seven   Research Methodology 
 
7.1  Introduction 
 
According to Fellows and Liu (1997), research methodology refers to the principles 
and procedures of logical thought which are applied to a scientific investigation. They 
emphasize that methodology lies at the heart of research. A number of ways are 
available to conduct a research, such as surveys, questionnaires and interviews etc. 
Different methods are used by different approaches to the research. This chapter aims 
at providing a general outline of the methodology carried out for this dissertation as 
well as the rationale of those research methods. Any merits and limitations of the 
research method shall be discussed in this chapter also.  
 
7.2  Research Framework 
 
In order to carry out an effectual research, the first thing to do is to identify the main 
aim and objectives of the research. Bamboo scaffolding, which has been the dominant 
type of scaffolding adopted in local construction industry, has a public image of being 
prone to collapse (Y.S. So, 2002). And there have been critics advocating that Hong 
Kong should follow other country’s approach to ban the use of bamboo scaffolding 
due to its comparatively unsafe nature (H.K. Mak, 1998). Other alternatives like steel 
scaffolding and mixed scaffolding have been existed in the market for some times, yet 
bamboo scaffolding still remains in its dominant position in local construction 
industry.  
 
Being inspired of the current situation of scaffolding market, this study intends to 
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address the issues related to local scaffolding market and hence to determine the 
application of the new technology, climbing scaffolding, in current and future 
construction industry.  
 
7.3  Core Research Approach 
 
A combination of qualitative and quantitative approach will be mainly employed for 
this dissertation as a whole. According to Fellows and Liu (1997), quantitative 
approaches adopt “scientific method” in which initial study of theory and literature 
yields precise aims and objectives with hypotheses to be tested. They points out that 
such approaches are built upon previous work which has developed principles, laws 
and theories to help to decide the data requirement. On the other hand, qualitative 
approaches seek to gain insights and to understand people’s perceptions of “the 
world” in which the beliefs, understandings, opinions and views etc. of people are 
investigated (Fellows and Liu, 1997). The exploration of the subject is undertaken 
without prior formulations – the object is to gain understanding and collect 
information and data such that theories will emerge. This comes in line with the views 
of Newman and Benz (2000). They states that, the motivating purpose for the 
qualitative researcher is “theory building” while, the intent for the quantitative 
researcher is “theory testing”. 
 
Triangulation, as regarded by Fellows and Liu (1997), refers to the use of two or more 
research methods to investigate the same thing. Fellows and Liu (1997) appreciates 
that the triangulation of both qualitative and quantitative techniques to study the topic 
could be very powerful to gain insights and results, to assist in making inferences and 
in drawing conclusions, as illustrated in Fig. 7.1. This method could have the 
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advantages of reducing or eliminating drawbacks of each individual approach whilst 
gaining the advantage of each, and of the combination – a multiple view of the subject, 
gained through synergy (Fellows and Liu, 1997).  
 
 
Fig, 7.1  Triangulation of quantitative and qualitative data 
(Source: Fellows, R. and Liu, A. (1997) Research Methods for Construction) 
 
This study mainly evaluates the performance of various scaffolding systems from the 
inspiration of literatures and past findings. Meanwhile, the second part relates to the 
investigation of the application and performance of climbing scaffolding from the 
market perspectives instead of any mathematical or engineering calculations. Both 
quantitative and qualitative approach will be adopted in the case. Nevertheless, 
climbing scaffolding is a relatively new topic of which only little research has been 
carried out. Fellows and Liu (1997) points out that it is impossible to generate 
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hypothesis in a meaningful way for research which is qualitative in sense and has not 
been developed to any significant extent where little or no research are available as a 
result. Therefore, no hypothesis will be tested in the study.  
 
7.4  Research Methods 
 
The application and future perspective of the new climbing scaffolding system in 
local construction industry are studied through several stages in carrying out the 
dissertation. And different means of research methods are used in the different steps. 
Each of which has its own merits as well as drawbacks and is suitable for different 
kinds of research. A suitable combination of various methods could be more beneficial 
to the research since they can complement each other’s deficiencies and enhance each 
other’s strengths. In the following section, four major stages of conducting the 
research are identified while the characteristics and application of different research 
methods in each stage will be discussed. 
 
7.4.1  Stage 1 - Literature Review 
 
Literature review apparently represents an important step in the initial stage of any 
study. Fellows and Liu (1997) defines literature in the concern of findings from 
research which have not attained the status of theory or more often it represents 
findings from research into particular applications of theory. According to Newman 
and Benz (2000), literature review can be related directly to the topic, to the 
background of the topic, or to the applications and usefulness of the topic. And it is a 
necessity in elaborating the fundamentals of a study (Fellows and Liu, 2002).  
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Fellows and Liu (1997) states that literature review must provide the readers with a 
summary of the “state of the art”, that is the extent of knowledge and the main issues 
regarding the topic which inform and provide rationale for the research which is being 
undertaken. They also point out that the information gathered from the review of 
literature shall be categorized and ordered in a logical sequence to present the basis of 
the research.  
 
Considering the rationale behind literature review, in order to examine the opportunity 
of a new trade to a market, it is important to study the prevailing market situation 
beforehand. Therefore, literatures relating the current practice and performance of 
prevailing types of scaffolding in Hong Kong are searched and deeply examined. 
These include books, journals, newspapers as well as government publications. The 
part of literature review aims at giving the readers both the definitions of some 
relevant key terms as well as the background information of scaffolding industry. The 
critical review of literature of prevailing scaffolding performances provides a sound 
basis for the formulation of data collection and analysis. Focuses on the cost and 
safety issues, which are regarded as the most critical criteria to assess the performance 
of a system, set the scene for the whole research.  
 
The comprehensive literature review can be referred to in the previous part. 
 
7.4.2  Stage 2 – Data Collection 
 
Review of literatures gives a general concept of the scaffolding industry. However, the 
data and information provided may not be up-to-date and reflect the current situation. 
Therefore, opinions of various parties in the current construction industry towards the 
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scaffolding market shall be examined. Three means are used in the collection of data 
and information, which are listed as follows in sequence. 
 
? Questionnaires 
? Interviews 
? Case Studies 
 
7.4.2.1  Questionnaires 
 
Questionnaires are used as the first step in collecting data from respondents. 
 
The questionnaires are set to collect data and information mainly in 2 areas: 
? The current scaffolding practices adopted by the respondents in the construction 
projects 
? Acknowledgement of the newly-introduced climbing scaffolding system 
 
The questionnaires are sent to three categories of the target respondents which are 
identified to be the developers, contractors and scaffolding suppliers. This is to get 
comprehensive views from all parties in local construction industry. The questionnaire 
consists of mainly three parts. The first part concerns with the basic information of the 
target respondents, where company name, nature and scale are asked. The second part 
aims at obtaining information about the current scaffolding practice and 
considerations of the respondent, e.g. the usage and supply status of various kinds of 
systems. And the last part regards to the acknowledgement of climbing scaffolding in 
the industry. Questions like any past application and interest in the new trade are set.  
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Both quantitative and qualitative data are collected by the questionnaires. Quantitative 
approach is used to obtain factual data for determining the scale of the respondents 
and the use of different scaffolding systems, which is represented by the ranking of 
the frequency in use. Meanwhile, the considerations and perception of the companies 
in the application of scaffolding systems are collected in qualitative means, such as 
the ranking of the importance of factors in adopting a certain type of scaffold.  
 
Three major types of questions were set to obtain the necessary information. They are 
closed questions, open questions and filter questions.  
 
For the closed questions, a set of responses are determined by the researcher 
beforehand. However, such rigidity of available responses may constraint the 
responses artificially (Fellows and Liu, 1997). Therefore, a response opt of “others, 
please specify” is provided in most of the questions which related to the personal 
perceptions to allow for additional opinions.  
 
Filter questions are provided to let the respondents to skip some questions. This is to 
progress certain respondents past a set of questions which are not relevant to them 
(Fellows and Liu, 1997). And this technique can speed the respondents through the 
survey and maintains relevance of the questions answered. A form of funnel-sequent 
questions is mainly used in the third part of the questionnaire. The issue of climbing 
scaffolding is introduced by a general question – if the respondent has heard of 
climbing scaffolding. And the subsequent questions aim at pursuing more detail on the 
aspect, e.g. the acknowledgement and opinions of the respondent on the technology.  
 
An open question is provided at the end of the questionnaire to ask for any 
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respondents’ suggestions and opinions on climbing scaffolding. It is designed to 
enable the respondents to answer to the extent the respondents wish (Fellows and Liu, 
1997).  
 
The questionnaires are administrated by post or fax to the target respondents. They are 
distributed as a self-administered type. Such type has the great advantage of being 
convenient, for both the researcher and respondents. Time and effort can be saved 
from making arrangements for individual interviews, especially when the population 
size is large.  
 
Nevertheless, there are some drawbacks concerning with postal questionnaires. It is 
rather demanding on the setting of the questions in the questionnaires. Moser and 
Kalton (1971) note six primary conditions for postal questionnaires: 
? The questions have to be sufficiently simple and straight-forward to be 
understood. 
? The answers have to be accepted as final and there is no opportunity to probe. 
? It would be inappropriate where spontaneous answers are wanted. 
? Since the respondent can see all the questions before answering any of them, the 
different answers cannot be therefore treated as independent. 
? The researcher cannot be sure that the right person completes the questionnaire. 
? And there is no opportunity to supplement the respondent’s answers by 
observational data. 
 
In this case, several means are used to avoid and solve the probable weaknesses. The 
questionnaires are set to have 20 questions only, which is regarded to be the right 
number by Fellows and Liu (1997). Most of the questions are ranking multiple 
Climbing Scaffolding in Hong Kong’s Building Construction 
Chapter Seven  Research Methodology 
93 
choices for the convenience of the respondents.  
 
However, the problem of non-responses is usually more serious in postal 
questionnaires. Fellows and Liu (1997) mention that the problems of non-responses 
not only lies with reducing the size of the sample which can be analyzed, but also they 
may represent a body of opinion which may be significantly different from that which 
has been expressed by those who did response. In this case, follow-up reminders and 
re-surveys suggested by them may not be feasible, as the questionnaires are often 
referred to within the target company and the persons who filled in the questionnaires 
are not known. Moreover, as the questionnaires are self-completed in nature, the 
respondents may be biased and distorted (Fellows and Liu, 2002). Different 
respondent may have different perception and interpretation of a specific question. 
Personal bias may exist due to different education and social level (Fellows and Liu, 
1997). As a result, this may lead to the question on the representativeness of the result, 
since the respondent rate may not be high enough to eliminate the possibility of 
serious bias.  
 
7.4.2.2  Interviews  
 
Being a new trade introduced into Hong Kong, there are not many literatures related 
to climbing scaffolding practice, especially local application and performance. 
Therefore, opinions and advice of different professionals which have tried the 
technology in local construction projects are vital in determining its opportunity. 
Interviews represent a direct and efficient way in getting the necessary information.  
 
Two major means of interview are identified – phone interview and in-person 
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interview. Though phone interview may be a more convenient and fast way, in-person 
interview is preferred in this research. This is due to the fact that in-person interview 
has lesser constraint on time and visual aids can be used to enhance the interaction 
and understanding.  
 
According to Fellows and Liu (1997), interviews are identified by their nature – 
structured, semi-structured and unstructured. And semi-structured type is used in this 
research. A list of questions is prepared while there are also supplementary questions 
in response to the interviewee’s answers and free discussion on some interesting and 
vital aspects.  
 
The interview schedule (list of questions) or interview guide can be used to direct the 
interview on a path consistent with the purpose (Newman and Benz, 2000). However, 
Patton (1980) notes that the guide merely provides topics or subject areas within 
which the interviewer is free to explore, probe, and ask questions that will elucidate 
and illuminate that particular subject. Thus, the interviewer shall remain free to build 
a conversation within a particular subject area. And that is the reason why 
semi-structured type is adopted in this research. 
 
The use of interviews can help the researcher to obtain greater depth following a 
postal questionnaire survey (Fellows and Liu, 1997). It allows the interviewer and 
interviewee to interact. In an interview, the interviewer’s responsibility is to guide the 
interviewee throughout. Any clarification on the questions may be required by the 
interviewee. This can ensure the interviewee would not misinterpret the questions. 
Moreover, follow-up questions can be raised by the interviewer in addition to the 
structured questionnaire to obtain a clearer picture of the issue. Discussion in the 
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interview also enhances interviewee’s participation.  
 
Nevertheless, information obtained in an interview is qualitative. Analysis of 
qualitative data requires more filtering and sorting, and hence is more difficult 
(Fellows and Liu, 2002). It is noted that interview is a rather human and social process 
which is subject to the interactions which occur between the participants (Fellows and 
Liu, 1997). And any non-verbal communications or “body language” of the 
participants will have an impact on the responses and recordings.  
 
7.4.2.3  Case studies 
 
In this research, case studies are employed to demonstrate examples of real practice. 
Fellows and Liu (1997) defines case study as the particular occurrence of the topic of 
research. They state that this technique often involves the “hard” documentary data 
being accompanied by interviews of “key” actors in the subject of study. 
 
Information of some local cases is mainly obtained from the interviews. Experiences 
and opinions of the interviewees involved in the cases are sake. The findings would be 
useful in assessing the opportunity of climbing scaffolding. Yet a case study yields 
deep but narrow results (Fellows and Liu, 1997). Therefore, triangulation is employed 
to facilitate generation of findings.  
 
7.4.2.4  Other important issues 
 
Besides the methods of data collection, other issues should also be considered in 
conducting the research methods. They shall be discussed one by one in the following.  
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? Sampling 
 
The population size of a research target group is usually quite large that it is 
impossible to collect all the necessary data because of limited time and resources. As a 
consequence, it is important for the research to decide which sources the information 
shall be got. The technique is so-called “sampling”.  
 
According to Fellows and Liu (1997), the objective of sampling is defined as: 
“… to provide a practical means of enabling the data collection and processing 
components of research to be carried out whilst ensuring that the sample provides a 
good representation of the population; i.e. the sample is representative.” 
 
In other words, data that are collected from only part of the total population with 
which the research is concerned is “sample”. In this research, the target respondents 
are local construction firms, which form a considerable large population size. 
Therefore, sampling is required. 
 
Several means of sampling are available. Both judgmental and random samplings are 
used in this study. Judgment sampling refers to the researcher’s judgment on 
determining which sections, strata or cluster of the population shall form the sample 
(Fellows and Liu, 1997). Meanwhile, random sampling means equal chance of each 
member of a population to be selected.  
 
In the first step of selecting the target respondents for the questionnaire, stratified 
sampling is employed of which the construction companies are classified by their 
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natures – developers, contractors and suppliers. Such classification is used for 
exploring the perceptions of different groups in local construction industry. Most 
notably is that there may be different considerations for the supply and demand of a 
scaffolding system. Hence, it is necessary to identify different groups in the help of 
the setting of separate questions in the questionnaires.  
 
Within each category regarding the business nature, the companies are chosen 
according to their relative scale which is identified as large, medium and small. This is 
an attempt to investigate the relationship between the size of a company and its 
consideration in the use of a scaffolding system. And in the sub-categories, the 
questionnaires are sent to the companies in a random manner.  
 
It is noted that bias may exist in such sampling. It is assumed that inter-group 
differences shall be small which however may not be the case. The respondents may 
be in different positions in the companies and hence have different perceptions on the 
matter. Whether a respondent’s answers shall have the full representativeness of a 
company is questionable. For example, two sets of questionnaires may be sent to the 
Director of company A and the Safety Officer of company B respectively in the same 
category. The director, as a businessman, may take cost as the highest ranking while 
the safety officer may put safety factor in the first priority in the considerations of 
factors adopting a scaffolding system.  
 
? Types of data 
 
In this part, the types of data collected by questionnaires are identified in terms of the 
nature of the response and scales of measurement used.  
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Categorical scales classify the members of a sample. The technique is employed 
mainly in identifying the respondents’ background, such as nature and scale, of the 
questionnaires.  
 
Ordinal scales are used in this case to rank the responses. Schleifer and Bell (1995) 
state that the “greater than” and “less than” relations are meaningful in this scale. It 
provides a hierarchical ordering. Yet there are limitations on what one can say about 
the data values measured. No indication of distance between scaled points or 
commodity of scale perceptions by respondents exists (Fellows and Liu, 1997). One 
cannot tell how much larger or smaller a value is compared with another (Norusis, 
2002).  
 
The questionnaire mainly concerns with the investigation of the market trend in the 
usage of different scaffolding systems, focusing on the number and opinions of 
respondents that have tried climbing scaffolding. The usage on different scaffolding 
system is grouped into unequal categories. Moreover, this survey also aims at 
identifying the ranking of the factors of the respondents in considering the use of a 
scaffolding system. It may be difficult to quantify the frequency and amount of usage. 
Simple ranking questions are therefore used for the convenience of the respondents.  
 
? Reliability and validity 
 
Reliability concerns the consistency of a measure while validity refers to how well a 
measure does measure the concept it is supposed to measure (Fellows and Liu, 1997). 
It consists of two components - external reliability and internal reliability. Fellows and 
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Liu (1997) state that external reliability deals with the consistency of a measure over 
time and internal reliability concerns whether each scale is measuring a single 
variable. To ensure reliability of the research, it is suggested that re-test shall be done.  
 
However, it seems to be impractical to carry out a re-test due to several reasons. 
Human effort, time and resources are the major factors under consideration in 
conducting a re-test. Respondents may feel annoy and be reluctant to do the same 
survey twice. Furthermore, it is noted that the tests shall be sufficiently far apart in 
time to ensure that the respondents do not answer the second test by recalling their 
response to the first (Fellows and Liu, 1997). However, time is a limit in this research. 
Hence, the re-test technique is regarded to be rather unfeasible and of little use in this 
research.  
 
On the other hand, validity of a measure refers to how well a measure does measure 
the concept it is supposed to measure, as stated by Fellow and Liu (1997). Newman 
and Benz (2000) highlight that the concept of validity is applied in two contexts—in 
research design (internal and external validity) and in measurement (the validity of the 
measurement).  
 
The problems of uncertain reliability can be solved by enhancing validity. Newman 
and Benz (2000) points out that validity cannot exist without reliability. By definition, 
validity estimates the extent to which the test or set of data or design actually 
measures or reflects or produces what it is supposed to measure, reflect, or produce. 
The basic purpose of reliability is to help researchers estimate validity as an estimate 
of measurement error (Newman & Newman, 1994). Therefore, if one has validity, 
there is no need for estimates of reliability.  
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The validity of the research is enhanced by the application of the triangulation of 
research methods. Questionnaires, interviews and case studies are used to conduct the 
research. Because multiple data-collection techniques are used (e.g., interview, 
document study, observation, and quantitative statistical analysis), the weaknesses of 
each can be counterbalanced by the strengths of the others (Newman and Benz, 2000).  
According to Newman and Benz (2000), case study has the advantage of increasing 
the validity by checking the interpretation of information with experts. They think that 
there are generally a variety of data sources in case studies among which structural 
relationships are found. To the extent that these findings are consistent within the case, 
the validity is enhanced. On the other hand, interviews provide both more complete 
and more accurate information than other techniques. Through probes, follow-up 
questions and attention to nonverbal cues, the researcher is able to enhance the data 
collected (Newman and Benz, 2000). Therefore, using the triangulation method, 
conclusions related to a topic under study are not based solely on one data source.  
 
7.4.3  Stage 3 –Analysis of Findings 
 
Analysis of the findings from questionnaires and interviews forms the heart of a 
research. Different approaches of analysis are used for different types of findings and 
also to present the findings in different perspectives.   
 
The purpose of analyzing the data is to provide information about variables and 
relationships between them so as to aid understanding and support decision making of 
a matter (Fellows and Liu, 1997). Bell and Schleifier (1995) points out that data 
analysis aims at condensing a mass of data into summary statistics that succinctly 
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characterize the observations and variables, and examining the relationship between 
two or more variables.  
 
7.4.3.1  Analysis approaches 
 
As stated by Fellows and Liu (1997), for fundamental studies where theory and 
literature do not exist to any great degree, the search for patterns and relationships in 
the data and the identification of major variables may constitute the total analysis for 
the research project. Since this research topic aims at investigating a new system 
where few literature and no theory exists, the analysis of findings is mainly focus on 
the areas mentioned by Fellows and Liu (1997).  
 
Fellows and Liu (1997), classify the data analysis approaches into three main streams 
- qualitative, quantitative and structural content analyses. All of them are employed in 
the research.  
 
Qualitative content analysis determines the meaning of the data which are coded 
allocated to categories and groups of respondents to obtain a matrix of categorized 
data against group. The technique is especially adopted where the respondents of the 
questionnaires are categorized by their nature and responses.  
 
Quantitative content analysis is used to yield numerical values of the categorized data, 
e.g. ratings, frequencies and rankings etc, and subjected to statistical analysis. In the 
questionnaires, the respondents are often required to rank their answers in order to get 
comparison.  
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Structural content analysis, on the other hand, concerns the determination and 
examination of the relationships between categories of data and between groups. 
Since the research aims at exploring the opportunities of climbing scaffolding in local 
market, relationships of the factors determining the use of a scaffolding system is 
investigated. And such technique is adopted in the sense.  
 
7.4.3.2  Statistical Methods 
 
Nonparametric tests are mainly used in the analysis of the ordinal data. Nonparametric 
tests, as defined by Darren (2003), deals primarily with populations that are not 
normally distributed. Since the valid sample size in the research is not large enough to 
ensure normality, the technique is therefore employed. Fellows and Liu (1997) 
highlights the advantage of this technique of being flexible as it is distribution-free. 
 
Below are the techniques adopted in this research: 
? Ranking and scoring 
? Correlation 
? Tables and charts 
 
? Scoring of the ranked data 
 
All ordinal data are obtained in a ranking pattern. Marden (1995) points out that 
ranking is an integral part of statistics, especially in non-parametric analysis. It aims at 
investigating respondents’ preferences and ordering of different issues. However, the 
ranking responses from individual respondents are difficult to combine in giving an 
overall picture of the issue. As a result, scoring system is used, where different scores 
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are assigned to the respective ranks. Total, mean scores as well as proportional ratio 
for different variables can then be calculated to present the overall perspectives of the 
respondents.  
 
? Correlation 
 
Relationships of different variables in a matter can be measured and estimated by 
using correlation. The correlation between two variables is the degree of linear 
relationship between them. Three main types of correlation are identified – positive, 
negative and no correlation. 
 
For positive correlation, it means that the value of one variable tends to increase when 
the value of other variables increases. The closer the correlation value is 1, the 
stronger is that tendency, and vice versa. A correlation of 1 indicates a perfect 
relationship where one variable is precisely predicted from the other. On the contrary, 
negative correlation refers to the relationship in which as one variable increases the 
other variable has a tendency to decrease. And the closer the correlation value to -1, 
the stronger is that tendency. And a correlation of -1 indicates perfect negative 
correlation. No correlation between the variable is indicated by a correlation value of 
0, which means that there is no relation between the two variables.  
 
The significant level is computed in correlation to determine the likelihood of that a 
particular correlation could occur by chance. And the significance (or p-value) 
represents the degree of rarity of a certain result. In other words, a significance less 
than 0.05 (p<0.05) means that there is less than a 5% chance that the relationship 
occurs by chance (Darren, 2003). 
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As mentioned in previous paragraphs, the relationships between different variables are 
focused for investigation in this research. Therefore, correlation technique is adopted. 
The software Statistical Package for the Social Science (SPSS) is used to calculate the 
correlations for convenience.  
 
Several methods are available for calculating correlation. Spearman’s rho is employed 
in this case. It is a rank-order correlation coefficient that measures association at 
ordinal level (Norusis, 2002), which is suitable for the data collected in the research. 
 
? Tables and charts 
 
Tables and charts are used to summarize the data and present the findings in an 
organized and clear way. There are mainly two types of charts, bar charts and pie 
charts, presented in the research. They are used to display the distribution of subjects 
in particular categories. 
 
7.5  Chapter Summary 
 
Various methods are adopted in the study. A triangulation of qualitative and 
quantitative approaches is used while no hypothesis is tested Questionnaires, 
interviews and case studies are employed to improve the validity of the findings by 
enhancing each other’s strength and supplementing each other’s weaknesses.  
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Chapter Eight    Analysis and Interpretation of the Questionnaire 
Findings 
 
8.1  Introduction 
 
In this chapter, findings arising from, interviews, questionnaires and case studies are 
reported and analyzed. It aims at giving a perspective view on the current scaffolding 
market through examining the respective market shares, factors affecting the choice of 
a scaffold system as well as acknowledgement of the new climbing scaffolds in the 
construction industry. Researcher’s interpretations on the findings are incorporated in 
the section.  
 
8.2  Employment of Interview Findings 
 
Three interviews were conducted to collect opinions from practitioners about the 
application and performance of current scaffolding systems. Mr. Flord Y.H. So, the 
Director of the Wui Fai Holdings Ltd. (a scaffolding supplier), Mr. Liu Kam Wah, a 
Project Manager of Sanfield Building Contractors Ltd (a building contractor) and Mr. 
Chen Xiang, a Project Manager of China State Construction Engrg. (Hong Kong) Ltd., 
were invited for the interviews. 
 
It is noted that findings from the interviews are presented in two parts. The first part 
of the information is incorporated in the questionnaire section to explain the analytical 
results. The second part is combined with the case studies to illustrate any additional 
comments and suggestions. 
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8.3  Questionnaires 
 
8.3.1  Structure 
 
From the inspiration of related literatures and pilot study of the questionnaire, the 
questions and options for answers were set. The content and findings of each question 
in questionnaire as well as its implication will be discussed one by one in the 
following sections. The questionnaire was divided into three parts, each asking 
questions for different information: 
1. Basic information of respondent 
2. Current scaffolding practice 
3. Acknowledgement of climbing scaffolding 
 
Three major types of questions were found in the questionnaire.  
? Ranking questions 
? Yes-no questions 
? An open question 
 
In all ranking questions, the respondents were asked to rank their choices, e.g. rank 1 
to 5, indicating the relative importance or frequencies of the answers. A rank “0” was 
provided to all ranking questions to represent that the choice is “not applicable” for 
the respondents. An option of “others (please specify)” was provided in some 
questions to allow for any additional opinions from the respondents. For the yes-no 
questions, respondents only needed to answer either “yes” or “no”. And finally, an 
open question was set at the end of the questionnaire to collect any additional 
opinions or suggestion raised by the respondents. 
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8.3.2  Part 1 - Respondents’ Profile 
 
A total of 100 sets of questionnaires were distributed, of which 20 were sent to 
developers, 40 to contractors and 40 to suppliers respectively. Altogether 34 valid sets 
were received. The overall response rate is 34%. 
 
Part one of the questionnaire asked respondents for their basic information of 
company name, nature as well as size in terms of number of staff. Among the 
respondents, 7 were developers, 13 were contractors and the remaining 14 were 
suppliers. The percentages and respective response rates are summarized in the 
following figures (Fig. 8.1 and 8.2). 
 
Developer
20%
Contractor
40%
Supplier
40%
 
Fig. 8.1  Percentage of responses by nature 
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Fig. 8.2  Response rate in different categories by nature 
 
The scales of the respondents are summarized in the table below: 
 
Scale (No. of staff) No. of respondents 
≤100 13 
101-500 7 
500-1000 5 
>1000 9 
 
500-1000
(15%) 101-500
(21%)
≤100
(38%)
>1000
(26%)
 
Fig. 8.3  Percentage of responses by scale 
Table 8.1  Response rate in different categories by scale 
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It was found that most of the respondents came from small-scaled companies (38%), 
followed by large and medium sized ones.   
 
8.3.3  Part 2 - Findings on Current Scaffolding Practice 
 
Part two of the questionnaire was further subdivided into 2 sections, one answered by 
developers and contractors and the other by suppliers. In this part, five questions were 
designed for the formers and two for the latter.  
 
8.3.3.1  For developers and contractors 
 
In the questionnaire, developers and contractors were asked to give their consideration 
in the use of a scaffolding system and the actual application of the systems in their 
building construction projects.  
 
? Q4) Considerations in adopting a scaffolding system  
 
This question was set for the respondent to indicate the priority of considerations 
when they adopted a certain kind of scaffold in a building construction project. Four 
major factors were identified and provided in the question: 
? Cost 
? Availability 
? Safety 
? Erection and dismantling time 
? Others (please specify)  
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It is noted that the option of “availability” in the question refers to the ease of getting 
the scaffolding system in local market. And “erection and dismantling time” is the 
time required to erect and dismantle the system in a common construction project.  
 
The answers were required to be filled in on a ranking basis as a means to investigate 
the importance of the factors from the respondent’s perception. A range of ranks from 
1 to 5 was provided, where rank 1 meant the most important factor and rank 5 meant 
he least important one. The rank “0” indicated that the factor was not considered at all 
by the respondents. Moreover, the ranking system allowed same ranking for more 
than one item in the answers.  
 
In summary, the grades assigned to different factors are listed as below: 
 
Factors/ Ranks 1 2 3 4 5 0 
Cost 5 0 8 7 0 0 
Availability 2 3 10 5 0 0 
Safety 13 4 0 3 0 0 
Erection and dismantling 
time 
0 13 2 5 0 0 
Others 0 0 0 0 2 0 
Table 8.2  Ranking of different factors under consideration in Q4 
 
The numerical figures in the boxes under each rank represent the number of 
respondents that assigned the specific grade to that factor. All factors were considered 
by the respondents in adopting a scaffolding system. It was found that a large 
proportion of respondents took “safety” as the first priority (rank 1) in adopting a 
scaffolding system. And it was followed by the factors of “erection and dismantling 
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time” and “availability”. Meanwhile, “cost” was mostly chosen by the respondents as 
the least important factors (Rank 3 and 4).  
 
In order to establish a clearer picture of the issue in an overall view, a scoring system 
is employed, with the rank 1 score 5 marks, rank 2 score 4 marks and likewise as 
shown in Table 8.3. A higher ranking will score a higher mark. And total score of a 
factor is the algebraic sum of the scores got in all the rankings. The scores are then 
divided by the sample size to give the mean scores to indicate the average scores of 
different considerations by the respondents. The overall weighing of the factors are 
further established by calculating the respective proportional ratio for fair contrast and 
comparison, where the ratio of a reason is given by 
Ratio of a reason = ___________Score of that reason________ 
                  The sum of all scores 
found in a particular scaffolding system.  
 
Ranks 1 2 3 4 5 0 
Scores 5 4 3 2 1 0 
Table 8.3  Corresponding ranks and scores of Q4 
 
The scores of various options are summarized in the Table 8.4 and Fig. 8.4. 
 
Factors Scores Mean scores
Proportional 
ratio 
Cost 63 3.15 0.22  
Availability 62 3.1 0.22  
Safety 87 4.35 0.31  
Erection and dismantling time 68 3.4 0.24  
Others 2 0.1 0.01 
Table 8.4   Total scores, mean scores and proportional ratios of different factors in Q4 
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Fig. 8.4  Distribution of mean scores of different factors in Q4 
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22%
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31%
Erection and
dismantling
time
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Fig. 8.5  Proportional ratio of the different factors in Q4 
 
From the findings, “safety” scored the highest mark which was much larger than that 
of other factors. It took up the largest proportional ratio among all the respondents. 
This implied that this factor took more weight in the overall respondents’ perception 
of the issue. “Time” factor was regarded as second important while “availability” and 
“cost” shared the same scores. As a whole, the overall ranking of the factors was:  
“safety” > “erection and dismantling time” > “cost” > “availability”. 
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The findings showed that people in construction industry generally concerned safety 
more than anything. Over the years, Hong Kong’s construction industry has been 
widely known as being accident-prone. In the past, cost was often put in the first 
priority. However, there has been a change of attitude in recent years. With an 
increasing emphasis on workers’ lives in local society as well as government’s effort 
in promoting safety of construction site, it is not surprising to see that safety wins the 
overall highest ranking.  
 
Additional considerations were provided by some respondents in the option of 
“others”. However, it was noted that the scores of “others” might not be comparable 
to other established options since not all respondents filled in and ranked it. As a 
result, the “others” factor was not incorporated in the comparison of the scores. The 
responses provided two extra considerations – 1) the time and disturbance to use, 
especially for A&A works and 2) adaptability.  
 
These issues were further addressed by the interviewees in the interviews. Both Mr. 
So and Mr. Liu points out that the building’s features represents the major 
considerations in the use of a scaffolding system. Factors like height and contour of 
the building shall be taken into account. It is because different types of scaffolds may 
have different levels of performance in respect of different building’s features. Some 
complex structures of the building may hinder the use of a particular type of scaffold, 
resulting in longer time and higher costs incurred. The above established factors are 
only general considerations taken in the construction industry. Respective 
considerations including the established factors and additional factors answered in the 
questionnaire shall be made for the unique features of a project.  
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? Q5) Usage of various type of scaffolding systems 
 
This question was set for examining the frequencies of usage of different kinds of 
scaffolding system in building construction projects of the respondents. It aimed at 
determining the current corresponding market share of different scaffolding systems 
in local scaffolding market. Four options were provided. 
? Bamboo scaffolding 
? Metal scaffolding 
? Bamboo-metal mixed scaffolding 
? Climbing scaffolding 
 
Ranking and scores were adopted in this question as well. The ranks ranged from 1 to 
4 to indicate the frequencies of usage. Rank 1 represented the system in highest 
frequency of use while rank 4 meant the lowest. A ranking of “0” meant that the 
system is not used at all by the respondents. The findings are shown as follows:  
 
Types of system/ Ranking 1 2 3 4 0 
Bamboo scaffolding 16 2 0 2 0 
Metal scaffolding 4 14 2 0 0 
Mixed scaffolding 0 2 10 5 3 
Climbing scaffolding 0 2 2 2 14 
Table 8.5  Ranking of different scaffolding systems in Q5 
 
Ranks 1 2 3 4 0 
Scores 4 3 2 1 0 
Table 8.6  Corresponding ranks and scores of Q5 
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Types of scaffolding Scores Mean scores 
Proportional 
Ratio 
Bamboo scaffolding 72 3.6 0.40 
Metal scaffolding 62 3.1 0.34 
Mixed scaffolding 36 1.8 0.20 
Climbing scaffolding 10 0.5 0.06 
Table 8.7  Total score, mean scores and proportional ratio of the systems in Q5 
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Fig.8.6  Distribution of mean scores of the systems in Q5 
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Fig.8.7  Proportional ratio of different factors of the systems 
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From the tables and graphs, it was obvious that bamboo scaffolding maintained the 
most frequent type adopted by the developers and contractors, followed by metal, 
mixed and climbing types in descending order. The findings showed that the 
traditional trade still dominated the scaffolding market nowadays.  
 
Correlations
1.000 -.855** -.152 -.766**
. .000 .522 .000
20 20 20 20
-.855** 1.000 -.198 .691**
.000 . .404 .001
20 20 20 20
-.152 -.198 1.000 -.131
.522 .404 . .582
20 20 20 20
-.766** .691** -.131 1.000
.000 .001 .582 .
20 20 20 20
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Bamboo
Metal
Mixed
Climbing
Spearman's rho
Bamboo Metal Mixed Climbing
Correlation is significant at the 0.01 level (2-tailed).**. 
 
Table 8.8  Correlations between the use of different scaffolding systems 
 
The correlations between the uses of different scaffolding systems are shown in Table 
8.8. The findings revealed strong negative correlations existing in the uses between 
bamboo scaffolding and climbing scaffolding as well as between bamboo scaffolding 
and metal scaffolding at 99% confidential level. It suggested that the use of bamboo 
scaffolding tended to eliminate that of both metal scaffolding and climbing 
scaffolding. On the other hand, there was a strong positive correlation between metal 
scaffolding and climbing scaffolding.  
 
One of the reasons behind the findings is that bamboo scaffolding and metal 
scaffolding are employed for different types of building projects. Mr. So suggests that 
bamboo scaffolds are often used in the construction of low-rise or medium-high 
buildings for economical reasons. Other systems are employed only when the use of 
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bamboo scaffolding turns out to be less beneficial in the projects. And in the 
construction industry, the developers and contractors tends to specialize in the 
construction in different types of buildings. For example, large developers and 
contractors often take up large-scale building projects in which the buildings are high 
and hence they have an intensive use of metal scaffolds. On the contrary, some 
developers and contractors may focus on the construction of low-rise houses where 
bamboo scaffolds represent the best choice. Moreover, according to both Mr. Liu and 
Mr. So, metal scaffolding can be used repeatedly and hence lower its average costs. 
That means once a metal scaffolding is adopted, the companies will tend to use it 
rather than bamboo scaffolding in other projects to decrease the average costs.  
 
On the other hand, the strong positive correlation between metal and climbing 
scaffolding is explained by the cost consideration. According to Mr. So, metal 
scaffolds are regarded to be the most expensive type. Those companies who adopt the 
system should have considerable scale, financial basis and experiences. He points out 
that climbing scaffolding is actually a modified type of metal scaffolds controlled by a 
computer system. These companies tend to be more willing to try new things and 
hence have the interests in adopting climbing scaffolding. 
 
These also explain the strange phenomenon demonstrated in the answers. As 
suggested by most of the literatures, the other three types of scaffolding system are 
much safer than bamboo scaffolding. The point is also agreed by the interviewees. 
Therefore, by following the logic, if most of the respondents ranked the “safety” 
factor in a high priority, the use of bamboo scaffolds would not have been so frequent 
that it scores the highest marks.  
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The correlations between different factors and scaffolding systems in use are 
summarized in the following table. It illustrates the impact of the consideration of 
different factors on the choice of the scaffolding system. 
 
 
  Cost Availability Safety Time 
Correlation Coefficient .287 -.377 .033 .148
Sig. (2-tailed) .220 .101 .890 .533
Bamboo 
  
  N 20 20 20 20
Correlation Coefficient -.436 .568(**) .117 -.018
Sig. (2-tailed) .055 .009 .624 .941
Metal 
  
  N 20 20 20 20
Correlation Coefficient .163 -.566(**) -.358 .298
Sig. (2-tailed) .491 .009 .121 .201
Mixed 
  
  N 20 20 20 20
Correlation Coefficient -.520(*) .307 .144 .051
Sig. (2-tailed) .019 .188 .545 .832
Spearman's rho 
  
  
  
  
  
  
  
  
  
  
  
Climbing 
  
  N 20 20 20 20
**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 
Table 8.9  Correlations between the considerations and the use of different systems  
 
It was surprising to see that “safety” had no significant implication on the use of all 
kinds of scaffolding system from the table. The result suggested that the ranking of 
safety factors did not give any considerable effect on the choice of scaffolds in 
construction projects. This appeared to contradict the ideas of many literatures and 
also the opinions of the interviewees towards safety issues.  
 
On the other hand, “cost” had a strong impact on the use of climbing scaffolding at 
the 95% confidence level. The findings suggested that those respondents, who put the 
“cost” factor in a high priority, tended to use less climbing scaffolding. The situation 
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was well explained by the interview findings. Mr. So states that climbing scaffolding, 
as a new system introduced in Hong Kong, needs a lot of resources to investigate its 
feasibility of application in local construction projects. Money is needed for research 
as well as training of the site workers. All these are regarded to be included in the 
costs of a system. Those companies which focus on the cost factor are unwilling to 
take the risks.  
 
Furthermore, the correlation table showed that “availability” has a very strong effect 
on the use of metal and mixed scaffolding systems. The result put forward that 
respondents with higher rankings of “availability” tended to use more metal scaffolds 
and less mixed scaffolds. Metal was regarded to be more readily available than other 
types. The reason referred to the matter of supply of various systems. Bamboo, as a 
natural material, appeared to be readily available. However, from the literatures and 
interviews, the situation is totally different nowadays. Bamboo needs 3 years to grow 
to get mature so that it can be used for scaffolding; otherwise failure is easy to occur. 
The growing period is comparatively much longer than the manufacture of metal. 
Moreover, Mr. So points out that the supply of bamboo is restrained by seasons and 
harvest periods of the farmers as most of the bamboo are imported from Mainland 
China where they are cut off by the farmers. And flooding also presents a problem 
which results in a shortage of bamboo supply in some times of the year. On the other 
hand, metal scaffolds are reusable and hence they are more readily available for the 
developers and contractors. Mixed scaffolding is a composite system made of both 
bamboo and metal. It may be more demanding in its erection in a construction project. 
Together with relative little supply in the market, mixed scaffolding may not be a 
good choice when availability is in a high priority.  
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Nevertheless, there was no significant correlation between “time” and the use of all 
kinds of scaffolding system. This showed that time factor alone did not have a really 
large effect on the choice of a scaffolding system in the market.  
 
Surprisingly, the factors of “cost” and “availability” rather than “safety” caused 
significant impacts on the use of a scaffolding system. This interesting phenomenon 
further raises query - why “cost” and “availability” rather than “safety” affect the uses 
of scaffolding systems while the market is getting more and more attention on the 
“safety” issue.  
 
From the findings of questionnaires, there was a tendency for respondents of larger 
scale to employ more other types of scaffolding. Moreover, those respondents also 
tended to have a high ranking of “safety” and low ranking of “cost”. To verify the 
observation, correlations between scale of the respondents and the considerations and 
the use of various scaffolding system were investigated. The results are illustrated in 
tables below. 
Correlations
1.000 -.510* -.212 .273 .430
. .022 .370 .244 .059
20 20 20 20 20
-.510* 1.000 -.169 -.785** -.319
.022 . .477 .000 .171
20 20 20 20 20
-.212 -.169 1.000 -.049 -.578**
.370 .477 . .838 .008
20 20 20 20 20
.273 -.785** -.049 1.000 .147
.244 .000 .838 . .538
20 20 20 20 20
.430 -.319 -.578** .147 1.000
.059 .171 .008 .538 .
20 20 20 20 20
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Scale
Cost
Availability
Safety
Time
Spearman's rho
Scale Cost Availability Safety Time
Correlation is significant at the 0.05 level (2-tailed).*. 
Correlation is significant at the 0.01 level (2-tailed).**. 
 
Table 8.10  Correlations between scale and the considerations  
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Correlations
1.000 -.503* .534* .306 .651**
. .024 .015 .189 .002
20 20 20 20 20
-.503* 1.000 -.855** -.274 -.776**
.024 . .000 .242 .000
20 20 20 20 20
.534* -.855** 1.000 -.101 .702**
.015 .000 . .671 .001
20 20 20 20 20
.306 -.274 -.101 1.000 .090
.189 .242 .671 . .706
20 20 20 20 20
.651** -.776** .702** .090 1.000
.002 .000 .001 .706 .
20 20 20 20 20
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Scale
Bamboo
Metal
Mixed
Climbing
Spearman's rho
Scale Bamboo Metal Mixed Climbing
Correlation is significant at the 0.05 level (2-tailed).*. 
Correlation is significant at the 0.01 level (2-tailed).**. 
 
Table 8.11  Correlations between scale and the use of different systems 
 
Tables 8.10 and 8.11 revealed that the scales of respondents had significant 
implications on the consideration of “cost” factor as well as the uses of bamboo 
scaffolds, mixed scaffolds and climbing scaffolds. The negative correlation between 
scale and cost implied that large companies tended to ignore the cost factor when 
considering using a scaffold system. And it was also found that the scales of 
respondents had a negative correlation with the use of bamboo scaffolding and 
positive correlations with mixed scaffolding and climbing scaffolding, particularly the 
latter of which the correlation was significant at 99% confident level.  
 
As stated by the interviewees, the reason behind is that large companies have sound 
financial bases and resources so that “cost” does not contribute any great problem to 
them. Mr. So suggests that large construction companies are more demanding on new 
technology, and that is the reason why climbing scaffolding are used by large-scale 
respondents but not small ones. Moreover, large companies tend to undertake huge 
projects which involve the construction of skyscrapers especially for the landmark 
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ones. The tall buildings have more restriction and requirements in which bamboo 
scaffolding is mostly not suitable. Mr. Liu points out that the choice of a scaffolding 
system in a particular construction project often depends on the company’s strategy 
and technology. And according to Mr. So, such tendency of using metal and climbing 
scaffolding rather than bamboo one by large companies is partly attributed by the 
consideration of the image.  
 
Control Variables Cost Availability Safety Time 
Correlation .155 -.284 -.034 .173
Significance (2-tailed) .526 .238 .889 .480
Bamboo 
  
  df 17 17 17 17
Correlation -.330 .792 -.059 -.409
Significance (2-tailed) .168 .000 .811 .082
Metal 
  
  df 17 17 17 17
Correlation .648 -.489 -.486 .369
Significance (2-tailed) .003 .034 .035 .120
Mixed 
  
  df 17 17 17 17
Correlation -.260 .332 .084 -.159
Significance (2-tailed) .283 .165 .732 .516
Scale 
  
  
  
  
  
  
  
  
  
  
  
Climbing 
  
  df 17 17 17 17
Table 8.12   Correlations between the considerations and the use of different systems 
of which scale as a controlled variable 
 
The true correlations between the factors and system used are illustrated in Table 8.12. 
The “scale” variable was controlled in the test to eliminate its effect. The results 
showed no significant relationship between the variables at 95% confident level. The 
results further supported the previous statement that it was the “scale” of respondent 
rather than the awareness of considerations which determined the use of a certain 
scaffolding system.  
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? Q6) Reasons for adopting the most frequently used scaffolds 
 
Five factors were provided in this question for the respondents to choose and rank the 
reasons for adopting the scaffolding systems that had the highest ranking in the 
previous question (i.e. the ones that are most frequently used).  
? Low cost 
? Readiness of availability 
? Safety 
? Fast erection and dismantling time 
? Others (please specify) 
 
The question helped further explaining the strange phenomenon found in the previous 
question by investigating the reasons behind the common practices in the scaffolding 
market.  
 
From the findings in previous question, only bamboo scaffolds and metal scaffolds 
have been used in the highest frequencies by the respondents, as indicated in the Table 
8.13.  
 
Most frequently used system Amount 
Bamboo 16 
Metal 4 
Mixed 0 
Climbing 0 
Table 8.13  Comparison on the frequencies of use of different systems 
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The respective ranking of the reasons for employing bamboo scaffolds and metal 
scaffolds are summarized as follows: 
 
Bamboo scaffolding       
Reasons/ Ranking 1 2 3 4 5 0 
Low cost 5 5 0 6 0 0 
Readiness of availability 0 0 10 6 0 0 
Safety 0 8 6 2 0 0 
Fast erection and 
dismantling time 
11 3 0 2 0 0 
Others 0 0 0 0 0 0 
Table 8.14  Corresponding ranking of different reasons for bamboo scaffolding 
 
Metal scaffolding       
Reasons/ Ranking 1 2 3 4 5 0 
Low cost 0 0 0 1 3 0 
Readiness of availability 0 0 2 2 0 0 
Safety 4 0 0 0 0 0 
Fast erection and 
dismantling time 
0 2 2 0 0 0 
Others 1 1 0 0 0 0 
Table 8.15  Corresponding ranking of different reasons for metal scaffolding 
 
The findings in the above tables showed that “fast erection and dismantling time” was 
regarded to be the major reason for the respondents to choose bamboo scaffolding 
system as the most frequently used system while “low cost” followed in the second 
position. Notably, “safety” did not take up the most important position in the 
consideration. It explained the findings in previous questions. Most respondents 
agreed safety was one of the most important factors to consider, but they adopted a 
practice which diverted from that belief. Nevertheless, though there were only 4 out of 
16 respondents adopted metal scaffolding as the most frequently used system, all of 
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them took “safety” as the most vital reasons in the use. No rank “0” was assigned to 
any factors in both bamboo and metal scaffolding, indicating all factors were 
considered by the respondents. Scores were used in this question as well to obtain a 
clearer overall perspective of the situation.   
 
Ranks 1 2 3 4 5 0 
Scores 5 4 3 2 1 0 
Table 8.16  Corresponding ranks and scores of Q6 
 
In terms of scores, the marks of various reasons in the two scaffolding system is 
displayed as follows: Due to different sizes of respondents of different kinds of 
system in this question, the results were further modified and expressed in the 
respective proportional ratio in Table 8.17 and the charts (Fig. 8.8  
 
Findings presented in total scores, mean scores and proportional ratios 
Reasons 
Most 
frequently 
used 
 
Low cost
Readiness 
of 
Availability
Safety 
Fast 
erection 
and 
dismantling 
time 
Others 
Total scores 57 42 54 71 0 
Mean scores 5 10 20 14 0 
Bamboo 
Proportional 
ratio 
0.25 0.19 0.24 0.32 0 
Total scores 3.56 0.74 1.29 1.31 13 
Mean scores 1.25 2 2 0.7 3.25 
Metal 
Proportional 
ratio 
0.1 0.2 0.41 0.29 0.65  
Table 8.17   Total scores, mean scores and proportional ratio of bamboo and metal 
scaffolding in Q6 
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Fig. 8.8  Proportional ratio of various reasons in choosing bamboo scaffolds as the 
most frequently adopted system 
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Fig. 8.9  Proportional ratio of various reasons in choosing bamboo scaffolds as the 
most frequently adopted system 
 
In the perspective of overall considerations within the respondents’ pool, “fast 
erection and dismantling time” represented the major reason to adopt bamboo 
scaffolding, followed by “low cost” and “safety”. The results are supported by the 
literatures, of which most appreciate the time advantage of bamboo scaffolding over 
other systems. Though “safety” did not take up the major reason in the use of bamboo 
scaffolds, this did not mean that safety is not considered by the respondents. As 
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indicated in the table and pie chart, “safety” shared 24% of the overall weigh in the 
responses on its third position, which was close to that of “cost”.  
 
On the contrary, “safety” was the overwhelming reason of the respondents in adopting 
metal scaffolds as the most frequently used system whilst “cost” was least important. 
The contrast supported the belief that metal scaffolds were much safer than bamboo 
scaffolds from the perspectives and experiences of local applications, and they were 
often chosen because of “safety” reason. The interviewees also regarded metal 
scaffolding to be much safer than bamboo scaffolding in terms of accident rate. 
Nevertheless, the respondents did not take “low cost” as important as other factors. As 
addressed in the previous questions, those companies who had comprehensive use of 
metal scaffolding were mostly large-scale ones for which cost was not a great problem 
under their consideration.  
 
The considerations in the overwhelming use of bamboo scaffolding further enhances 
the point that awareness of “safety” has no direct linkage to the practices in the 
scaffolding market, as found in previous question.  
 
Two additional reasons were received in the option of “others” for the metal scaffolds 
as most frequently used one. One stated the major reason to use metal scaffold is that 
they were reusable and produced no waste, and therefore were environmentally better 
in nature. This advantageous feature of metal scaffolding is also highly appreciated by 
the interviewees. Another one suggested practicality as the second important reason in 
their use. This reason can be attributed to the local real estate market which comprises 
mostly of high-rise buildings. Metal scaffolding is widely regarded as more suitable 
than bamboo scaffolding in skyscrapers.  
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Yes
65%
No
35%
 
? Q7) Satisfaction towards the most frequently used scaffolds 
 
After having surveyed on the most frequently used scaffolding systems adopted by the 
respondents, the respondents were asked if they were satisfied with the performance 
of the systems. The question was set as a yes-no question and only two answers, “yes” 
and “no”, were provided for selection. The results are shown as below: 
 
Satisfied? 
Yes 13 
No 7 
 
 
 
Fig. 8.10  Satisfaction towards the most frequently used scaffolds 
 
Among the 20 respondents, 15 (75%) were satisfied with the performance of the 
dominating scaffolding system used in their construction project. Meanwhile, 5 (25%) 
found the performance of the systems are not satisfactory. The distribution of the 
responses for this question are listed in Table 8.18 : 
 
Satisfied 
Most frequently used Amount
Yes No 
Bamboo 16 9 7 
Metal 4 4 0 
Mixed 0 - - 
Climbing 0 - - 
Table. 8.18  Respective amount of satisfied respondents  towards the most 
frequently used scaffolds 
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It was found that all the response of dissatisfaction referred to bamboo scaffolds for 
which it was the dominate type in use, in which 7 (44%) out of 16 did not feel 
satisfied with its performance. The high percentage put the performance of bamboo 
scaffolding in doubt.  
 
? Q8) Areas that need improvement most 
 
In response to the answer of “no” in the pervious question (i.e. for bamboo 
scaffolding), the respondents were asked to give their opinions on the areas that need 
improvements most for the system. Five options were provided in the question: 
? Cost 
? Availability 
? Safety 
? Erection and dismantling time 
? Others (please specify) 
 
Area that need improvement most 
Cost 2 
Availability 0 
Safety 5 
Erection and dismantling time 0 
Others 0 
Table.8.19  Areas need improvement for bamboo scaffolding system 
 
Table 8.19 shows that most of the respondents (71%) thought bamboo scaffolding 
needed to improve its “safety” while the remaining (29%) pointed out that the system 
shall improve its “cost”. The findings illustrates that bamboo scaffolds’ safety 
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performance failed to meet the half of the respondents’ requirements. The findings 
conform to the views presented in most literature and the interviewees. Both suggest 
that the workers from other trades rather than bamboo scaffolders themselves cause 
the high accident rates related to scaffolds. General workers usually lack the 
experiences and knowledge sin the proper use of bamboo scaffolds. One interviewee 
point outs that even those personnel in management level do not use the scaffolds 
correctly. The workers often cut the bamboo strips without asking or damage them by 
heavy loading. In this aspect, metal scaffolds represent better systems as it is more 
difficult to cut metal. Also, Mr. So, as a scaffold supplier, states that complaints were 
received from clients that the bamboos are too green that they have high moisture 
content. During construction, the bamboos dry and decrease in diameter and the nylon 
ties that tighten the bamboo strips then become loosen. And the bamboo scaffolds 
tend to fall when loading increases.  
 
8.3.3.2  For suppliers 
 
This part of the questionnaire asked suppliers the situation of supply of various types 
of scaffolding at current and in the past five years. The questions aimed at comparing 
and contrasting the current and past situation of scaffolding supply in the market in 
order to identify any change in the market trend over the years.  
 
? Q9) Supply of various scaffolding systems at current and                  
Q10) supply of various scaffolding system in the past 5 years 
 
Four options of scaffolding systems were provided on ranking basis in both questions 
for the respondents to answer: 
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? Bamboo scaffolding 
? Metal scaffolding 
? Bamboo-metal mixed scaffolding 
? Climbing scaffolding 
 
From the findings, it was found that no differences exist in the supplying market 
between present and the past.  
 
Types of scaffolding/Ranking 1 2 3 4 0 
Bamboo scaffolding 11 0  0 0 3 
Metal scaffolding 3 7  1 0 3 
Mixed scaffolding 0 2  2 0 10 
Climbing scaffolding 0 0  2 0 12 
Table 8.20  Corresponding ranking of different scaffolding systems in Q9 and Q10 
 
In the questions, rank 1 was assigned to the system which had the largest amount 
being supplied to rank 4 meant those had the least amount being supplied. And rank 0 
was set to indicate no supply of a certain system by the respondents.  
 
Ranks 1 2 3 4 0 
Scores 4 3 2 1 0 
Table 8.21  Corresponding ranks and scores of Q9 and Q10 
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Types of scaffolding Scores Mean scores
Proportional 
Ratio 
Bamboo scaffolding 44 3.14  0.47 
Metal scaffolding 35 2.50  0.38 
Mixed scaffolding 10 0.71  0.11 
Climbing scaffolding 4 0.29  0.04 
Table.8.22   Total scores, mean scores and proportional ratio of different scaffolds in 
Q9 and Q10 
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Fig. 8.11  Mean scores of different types of scaffolding systems in Q9 and Q10 
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Fig. 8.12  Proportional ratio of different types of scaffolding systems in Q9 and Q10 
Climbing Scaffolding in Hong Kong’s Building Construction 
Chapter Eight                            Analysis and Interpretation of Questionnaire Findings 
133 
 
The above tables and figures demonstrate the supply of different scaffolding systems 
both at current and in past 5 years. The supply pattern shown by Fig. 8.11 is similar to 
that of Fig. 8.6 in Q5, which implies conformity with the use by developers and 
contractors. In both supply and demand sides, bamboo scaffolding wass found to be in 
the largest average amount according to the respondents.  
 
Correlations
1.000 .326 .241 .000 .764**
. .256 .407 1.000 .001
14 14 14 14 14
.326 1.000 -.739** -.206 .213
.256 . .003 .480 .464
14 14 14 14 14
.241 -.739** 1.000 .283 .158
.407 .003 . .327 .591
14 14 14 14 14
.000 -.206 .283 1.000 .000
1.000 .480 .327 . 1.000
14 14 14 14 14
.764** .213 .158 .000 1.000
.001 .464 .591 1.000 .
14 14 14 14 14
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Scale
Bamboo
Metal
Mixed
Climbing
Spearman's rho
Scale Bamboo Metal Mixed Climbing
Correlation is significant at the 0.01 level (2-tailed).**. 
 
Table 8.23   Correlations between the scale of respondents and supply of different 
systems 
 
The above table illustrates the correlations between scale of respondents and the 
supply of different types of scaffolds. It was found that scale had no significant impact 
on the supply of all systems except climbing scaffolds. Scale showed a pretty strong 
positive correlation with climbing scaffold. The results once again imply that climbing 
scaffolding needs a well-established company basis for its supply and use. Moreover, 
it is noted that there is a great negative correlation between the supply of bamboo 
scaffolds and metal scaffolds. Such findings may due to the similar relationship in the 
use of the system since supply and demand in a market is highly interdependent.  
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8.3.4  Acknowledgement of Climbing Scaffolding System 
 
This part of questionnaire aimed at determining the awareness and application of the 
climbing scaffolding in local construction market and identifying the considerations 
of respondents in adopting the system.  
 
? Q11) Acknowledgement of climbing scaffolds 
 
The question asked the respondents if they had heard of the climbing scaffolding 
technology. It intended to find out the consciousness of the system in the current 
market.  
 
 
Yes 29 
No 5 
 
 
 
 
Fig. 8.13  Acknowledgement of climbing scaffolding 
 
Among the 34 respondents, 29 (85%) answered that they had heard of the new system 
while only 5 (15%) had not. The result shows that climbing scaffolding is adequately 
known within the construction industry.  
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? Q12) Sources of acknowledgement 
 
Those respondents who had answered “yes” in the previous question (i.e. having 
heard of the system) were asked to state their sources of the acknowledgement. The 
question aimed at finding out the existing channels of promoting climbing scaffolding. 
Four options were provided. 
? Seminars and conferences 
? Other companies 
? Articles and journals 
? Others (please specify) 
 
The respondents were allowed to choose more than one answer in this question. And 
the last option was set for any additional opinions from the respondents. 
 
No. of sources 
No. of 
respondents 
1 16 
2 12 
3 1 
4 0 
Fig. 8.14  Number of sources of acknowledgement  
 
Among the 29 respondents with the “yes” answer in the previous question, most of 
them (56%) got the knowledge of climbing scaffolding through a single source. 
Meanwhile, 41% of the respondents heard of the system from 2 sources (Fig. 8.14) 
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Sources No 
Proportional 
Ratio 
Seminars and conferences 12 0.29 
Other companies 17 0.40 
Articles and journals 11 0.26 
Others 2 0.05 
TOTAL 42 1 
Table 8.24  Types of sources of acknowledgement 
Seminars and
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29%
Articles and
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26%
Others
5%
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Fig. 8.15  Proportion of different sources of acknowledgement 
 
Since the respondents might choose more than one answer, the number of different 
types of sources does not conform to the sample size. Therefore, proportional ratio is 
useful in this question to illustrate the relative share of different sources (Table 8.24 
and Fig. 8.15). From the table and figure, “other companies” represented the major 
source (40%). It is believed that companies get knowledge of the new system in the 
cooperation with other companies in construction projects. Other sources of 
acknowledgement answered include researches carried by the respondent itself and 
previous practice used in other regions by the respondent.  
 
? Q13) Experience in the use/ supply of climbing scaffolding 
 
The proportion of respondents that have ever used or supplied climbing scaffolding 
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was examined based on the answers of question 11. The findings were shown in Fig. 
8.16. 
 
 
Yes 8 
No 21 
 
 
 
 
Fig. 8.16  Experience in the use/ supply of climbing scaffolding 
 
Among the 29 respondents who have heard of climbing scaffolding, 8 have used or 
supplied the system. The figures showed a certain number of respondents attempting 
the system. However, it is noted that the respondents include developers, contractors 
and suppliers. Members of the three categories often cooperate in a construction 
project. Hence, it should be careful that the number of positive responses is not equal 
to the number of construction projects using climbing scaffolding. As a result, this 
question is simply an investigation to find out the extent of experience in the 
application and supply of the system in the market. 
 
Correlations
1.000 .631**
. .000
29 29
.631** 1.000
.000 .
29 29
Correlation Coefficient
Sig. (2-tailed)
N
Correlation Coefficient
Sig. (2-tailed)
N
Scale
Ever_use
Spearman's rho
Scale Ever_use
Correlation is significant at the 0.01 level (2-tailed).**. 
 
Table 8.25  Correlation between scale and usage of climbing scaffolds 
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The table shows that scale of the respondents had a strong positive correlation with 
the usage of climbing scaffolding. The new system tends to have been tried by large 
companies. This again illustrates the point that large companies are rich in resources 
for investigating and adopting new technology.  
 
? Q14) Reasons of not using/supplying climbing scaffolding 
 
The reasons of negative responses received in question 13 are analyzed. Different sets 
of options were provided for developers and contractors as well as suppliers 
respectively. Respondents were required to rank their answers, indicating the level of 
importance of the reasons. Rank 0 was given to represent the options being not 
applicable in the respondents’ considerations.  
The following five options were set for developers and contractors: 
? No confidence 
? Inaccessible to supply 
? Cost factor 
? Time factor 
? Others (please specify) 
The responses from developers and contractors are summered by Table 8.26.  
 
Reasons/ Ranking 1 2 3 4 5 0 
No confidence 0 2 5 5 0 9 
Inaccessible to supply 0 7 6 0 0 8 
Cost factor 18 0 0 0 0 3 
Time factor 6 6 1 1 0 7 
Others 2 0 0 0 0 0 
Table 8.26   Corresponding ranking of different reasons for not using climbing 
scaffolds 
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In order to have an overall view on the ranking of importance of different reasons, the 
scores and proportional ratios are found as below: 
 
Reasons Scores Mean scores 
Proportional 
Ratio 
No confidence 33 1.57  0.14 
Inaccessible to supply 46 2.19  0.20 
Cost factor 90 4.29  0.39 
Time factor 59 2.81  0.26 
hers 10 0.48 0.04 
Table 8.27   Total scores, mean scores and proportional ratio of different reasons in 
Q13 
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Fig. 8.17  Mean scores of different reasons for not using climbing scaffolding 
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Fig. 8.18  Proportional ratio of different reasons for not using climbing scaffolding 
 
Cost factor took the highest proportion in the analysis. The findings showed that 
“cost” represented the major reason for not adopting climbing scaffolding by the 
respondents. The interviewees admit that climbing scaffolding incur relatively high 
costs. According to the interviewees, climbing scaffolding does have advantages over 
traditional metal scaffolding in terms of material and erection costs. However, as 
mentioned in previous questions, the costs of the new system include some other 
expenses, e.g. costs in carrying out research and feasibility study as well as worker 
training, other than construction costs. These additional costs are considerable as in 
this case to introduce a new system in local market. Such high costs become an 
obstacle to its use.  
 
On the other hand, four options are provided for suppliers: 
? No confidence 
? No relevant knowledge/ skills 
? No/ little demand 
? Others (please specify) 
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Similar to the approach employed for developers and contractors, the findings are 
demonstrated in the tables and figures below.  
 
Reasons/ Ranks 1 2 3 4 0 
No confidence 0 1 4 0 3 
No relevant knowledge 3 4 0 1 0 
No/little demand 4 2 1 1 0 
Others 1 0 0 0 0 
Table 8.28  Corresponding ranking of different reasons in Q14 
 
Reasons Scores Mean scores
Proportional 
ratio 
No confidence 11 1.375 0.17 
No relevant knowledge 25 3.125 0.38 
No/little demand 25 3.125 0.38 
Others 4 0.5 0.06 
Table 8.29   Total scores, mean scores and proportional ratio of different reasons in 
Q14 
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Fig. 8.19  Distribution of mean scores of the reasons for not supplying climbing 
scaffolding 
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Fig. 8.20  Proportional ratio of the reasons for not supplying climbing scaffolding 
 
The results showed the suppliers did not supply the climbing scaffolding mainly 
because of “no relevant knowledge” and “no/little demand”. From the interview 
findings, an introduction of new system involves a considerable demand in all money, 
time and human resources. Knowledge represents an important key to the matter. A 
lack of knowledge may imply a high cost of examining the system. Nonetheless, it 
does not guarantee that the system is applicable and there is an adequate demand for it 
to cover the costs, despite of the resources being used. As a result, most of the 
suppliers are not willing to take the risk.  
 
Meanwhile, some other reasons were given by the respondents in this question. One 
respondent suggested that climbing scaffolding is mostly used in commercial 
buildings and less adoptable for residential building construction of which the profile 
is more irregular. And another response received stateed that climbing scaffolding 
possesses a high potential risk as it is difficult to prevent debris from falling out of the 
scaffold. The respondent thinked that there are no commercial benefits to supply the 
new system compared to the traditional scaffolding. At the same time, one other 
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respondent pointedout that time factor and site limitations are present for climbing 
scaffolding.  
 
The interview findings do agree with the above opinions to a certain extent. Both 
interviewees state that simple design of the building contour is a prerequisite for the 
efficient operation of climbing scaffolding. However, the “simple design” in this sense 
means no or little change in the contour throughout the whole building, despite of 
whether it is residential or commercial. Meanwhile, many other important factors like 
safety and environmental friendliness shall also be considered. For the problem of 
falling objects, risks may present as the scaffold does not cover the entire building. Mr. 
Chen states that some potential hazard may exist during the climb-up process as the 
hinge panel is open at that time. Falls of objects may occur. And other interviewee 
agrees that those regions which are not covered by the scaffold may represent risky 
areas for falling objects. However, as illustrated in the case studies (later section), 
catch fans and nylon nets are provided to ensure safety. And according to the 
interviews, there has not been any record of accidents related to climbing scaffolding 
in past local construction projects. Nevertheless, the issue of whether climbing 
scaffolding has any advantages or implications to the cost, time and site factor will be 
address in later section.  
 
 
 
Fig. 8.21   
Catch fans and nets provided with climbing 
scaffolds in Bel-Air 
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? Q15) Interests in using climbing scaffolding 
 
This question targeted at those respondents who either have not heard of or have not 
tried climbing scaffolding. It aimed at finding out the interest of those respondents in 
climbing scaffolding.  
 
 
Answer Q11 Q13 Total 
Yes 3 5 8 
No 2 16 18 
 
 
 
Fig. 8.22  Interests in using climbing scaffolding 
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Fig. 8.23  Interests in using climbing scaffolding of different groups 
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The findings presented in the above tables and figures demonstrate that only one-third 
of the respondents showed interest in climbing scaffolding. Among the negative 
responses, most were from those respondents who have heard of the system but never 
tried it (as stated in question 13). The ratio of yes to no of those respondents was 
about 1:3.2. On the contrary, there were proportionally more respondents, who have 
not heard of the system, are interested in its use (yes: no = 1:0.67). This phenomenon 
can be explained by the fact that those who have heard of the system are scared away 
by its high initial costs.   
 
Three additional reasons were received from the respondents who answered “no” in 
the question. One responded that climbing scaffolding was not popular in the market. 
This matter refers to the factor of market trend which is investigated in later questions. 
Another one thought climbing scaffolding was not needed for the company’s daily 
operation. This reason is solely related to the nature of project undertaken by the 
respondent as climbing scaffolding is regarded to be more suitable for high-rise 
buildings. One more response provided the reason of not enough resources and skills 
in local construction industry to adopt climbing scaffolding. This view gives support 
to the relationship found between scale and scaffolding adopted.   
 
? 16) Considerations in adopting climbing scaffolding 
 
Developers and contractors were asked to rank their considerations in adopting 
climbing scaffolding in their construction projects. The question aimed at 
investigating the importance of considerations for the system and hence determining 
its opportunity. Six options were provided in this question. 
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? Cost 
? Availability 
? Safety 
? Erection and dismantling time 
? Market trend 
? Others (please specify) 
 
The findings are shown in the tables below. The proportional ratios of different factors 
are calculated as those in previous questions. 
 
Factors/ Rank 1 2 3 4 5 6 0 
Cost 9 11 0 3 3 0 0 
Availability 3 0 3 13 6 1  
Safety 6 2 7 6 5 0 0 
Erection and 
dismantling time 
0 5 11 4 6 0 0 
Market trend 8 8 3 0 5 2 0 
Others 0 0 0 0 0 0 0 
Table 8.30  Corresponding ranking of different factors in Q16 
 
Ranks 1 2 3 4 5 6 0 
Scores 6 5 4 3 2 1 0 
Table 8.31  Corresponding ranks and scores of Q16 
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Factors Scores Mean scores
Proportional 
ratio 
Cost 124 4.77 0.24 
Availability 82 3.15 0.16 
Safety 102 3.92 0.20 
Erection and dismantling time 93 3.58 0.18 
Market trend 112 4.31 0.22 
Table 8.32   Total scores, mean scores and proportional ratio of different factors in 
Q16  
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Fig. 8.24  Distribution of mean scores of the considerations in adopting climbing 
scaffolding 
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Fig. 8.25  Proportional ratio of various considerations 
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“Cost”, “market trend” and “safety” were found to be the three major concerns in 
employing the new system considered by the respondents. The results show that cost 
factor still takes up an important role in the market. This is especially true for any new 
system. The interviews reveal that most people in local construction industry tend to 
be reluctant to any change, unless there is immediate and conspicuous outcome. And 
cost is a factor which is fast to see its result. On the other hand, “market trend” can be 
explained by the fact that people are likely to be affected by the culture in an industry. 
“Safety” is just a typical example. People’s awareness on the safety issue in local 
construction has been raised through the promotion by the government and other 
overseas companies and institutions. A safety culture is established in the industry. 
And that is also a reason for its high ranking achieved in this question.  
 
? Q17) Continue use/supply of climbing scaffolding 
 
Respondents who have used the system were asked if they would continue to use it in 
the future. All of them gave positive answer in this question. 
 
Yes 8 
No 0 
 
 
 
 
 
Fig. 8.26  Continuous use/supply of climbing scaffolding 
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The results show that the respondents were satisfied with the performance of climbing 
scaffolding and had the confidence in it from the past experience. This enhances the 
point that climbing scaffolding is worthwhile to be used in the overall perspective. 
Since all the responses for this question were positive, the sequent question: Q18 – 
“The reasons for not using the climbing scaffolding system” received no answer. 
 
Q19) Merits of climbing scaffolding 
 
The question asked the respondents to rank the merits of climbing scaffolding over 
other systems. Four options were set for the respondents. 
? Cost-effectiveness 
? Safety 
? Time 
? Others (please specify) 
 
Data were collected from the two groups, 1) those having tried the system and 2) 
those have not, respectively to compare and contrast their views and opinions. 
 
Group 1- Respondents who have used/supplied climbing scaffolding 
Merits/ Rank 1 2 3 4 0 
Cost-effectiveness 0 2 4 0 2 
Safety 8 0 0 0 0 
Time 1 4 2 0 1 
Others 1 0 0 0 0 
Table 8.33   Corresponding ranking of different merits of climbing scaffolds by 
group 1 
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Group 2- Respondents who have not used/supplied climbing scaffolding 
Merits/ Rank 1 2 3 4 0 
Cost-effectiveness 9 5 3 0 2 
Safety 10 3 3 0 3 
Time 3 8 8 0 0 
Others 0 0 0 0 0 
Table 8.34   Corresponding ranking of different merits of climbing scaffolds by 
group 2 
 
The data were then modified and presented in mean scores and proportional ratio of 
both groups.  
Mean scores Proportional ratio 
Merits 
Group 1 Group 2 Group 1 Group 2 
Cost-effectiveness 1.75 3 0.20  0.32  
Safety 4 3.32  0.46  0.36  
Time  2.5 2.95  0.29  0.32  
Others 0.5 0 0.06  0 
Table 8.35  Mean scores and proportional ratio of the factors in the two groups 
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Fig. 8.27  Merits of climbing scaffolding regarded by the two groups 
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Fig. 8.28  Proportional ratio of the merits of climbing scaffolding regarded by the 
Group 1 
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Fig. 8.29  Proportional ratio of the merits of climbing scaffolding regarded by the 
Group 2 
 
From the results of the analysis, both of the groups regarded “safety” as the 
overwhelming merits of climbing scaffolding compared to others. The findings once 
again illustrate the main point that climbing scaffolding is much safer than other types. 
However, it is noted that from the experience of group 1, “cost-effectiveness” had a 
relatively low overall ranking as the merit. It explains that high initial cost of climbing 
scaffolding does present a major obstruction to its use and promotion.  
 
One additional response was received in the option of “others” in which the 
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respondent pointed out that the reusable and environmentally friendly feature of 
climbing scaffolding makes it a better system than others. The view is shared by all 
the interviewees.  
 
? Q20) Suggestions for improvement of climbing scaffolding 
 
An open question was set at the end of the questionnaire to ask for any suggestions 
given by the respondents. In summary, most respondents thought that there was still a 
lack of relevant knowledge of the new system in the industry. They urged further 
education as well as a construction standard for climbing scaffolding. Meanwhile, 
some other respondents reflected that climbing scaffolding needed to have some 
improvement on its cost implication. They pointed out that the system was only 
suitable for high-rise buildings in tern of cost-effectiveness, e.g. more than 50 storeys. 
Some even responded that more emphasize shall be put on inspection of materials and 
maintenance of quality of bamboo scaffolding rather than investigating the new 
system.  
 
8.4  Chapter Summary 
 
In conclusion, the questionnaire findings showed a certain level of safety awareness 
among the respondents. However, bamboo scaffolds have an overwhelming adoption, 
in both demand and supply, because of its low cost, though most respondents are not 
satisfied with its safety performance. On the other hand, the emergence of climbing 
scaffolds has attracted enough acknowledgements within the industry. Nevertheless, 
the system is not widely used. The respondents do appreciate the safety merits and 
performance of climbing scaffolds over others. However, cost always represents a 
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constraint in the use of the system, mostly because of its high initial cost.  
 
The analysis found a close relationship between the scale of the respondents and cost 
factor, as well as between the scale and the systems used. It revealed that large-scale 
companies tended to emphasize more on safety and ignore the cost factor. They were 
found to use relatively less bamboo scaffolds and are willing to try new technology. 
Contrarily, small companies focus on cost as the most important factor and tend to use 
bamboo scaffolds. The results illustrated that scale, i.e. the financial basis, of a 
company represented the dominant factor in determining the use of a system. It 
becomes a prerequisite for safety consideration.   
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Chapter Nine    Interpretation of Interview Findings and Case 
Studies 
 
9.1  Introduction 
 
Three interviews were conducted with local practitioners on the topic of climbing 
scaffolding. The discussions mainly focused on the history, strengths and weakness as 
well as the local application of climbing scaffolding system. 
 
9.2  History of Climbing Scaffolding  
 
It is known that climbing scaffolding has been widely adopted in the construction 
projects of Mainland China over years. The interviewees believe that the system 
already has a history of more than 20 years. According to Mr. So, the popular use of 
climbing scaffolding in Mainland is mainly due to the heavy government intervention 
of the market. Demand and supply of scaffolds are driven by government’s direction 
rather than market mechanism. No market economics exists. The traditional bamboo 
scaffolding has long been banned in most building construction in China by the 
government because of safety reasons. It is only allowed to be used in some village 
house of less than 6 storeys. On the other hand, pure metal scaffolding is rather 
expensive to be used as working platform. As a result, climbing scaffolding was 
invented and emerged in the market. Since it costs same or even less than metal 
scaffolding, it becomes a better choice. Consequently, the system is extensively 
employed by the construction companies in China, especially the state-owned ones. 
And this can be regarded as a means of promotion of the system by the government in 
China.   
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9.3  Emergence of Climbing Scaffolding in Hong Kong 
 
Nevertheless, the system was just introduced and used in the local building 
construction since a few years ago, despite of its comprehensive experiences in 
Mainland. The interviews reveal that requirements on law submission as well as the 
cost problem attribute to such late introduction. Mr. So points out that most people in 
local construction field are rather shortsighted and just focus on the immediate effects. 
However, the situation began to change after year 1997. The interviewees regard the 
economic downturn since the Asian Financial Crisis as the major gateway for 
climbing scaffolding. The economic recession released the pace of Hong Kong’s real 
estate market. Due to the decline in demand of properties, local construction became 
less demanding on time. Before, the construction companies might focus on building 
the largest number of flats within the shortest possible time in order to maximize the 
profit. Little time and effort was put on research and investigation into new 
construction technology. After 1997, the depression in real estate market enlightened 
local companies started to pursue innovation to make them distinguishable from 
competitors.  
 
However, investigation and introduction of a new system usually have to involve a 
considerable amount of money and resources. At that time, some large companies, 
like Sanfield and China State, started to explore new systems and finally developed 
their interests in climbing scaffolding. As a consequence, climbing scaffolding has 
begun to be employed in local construction projects, e.g. Ocean Shore and Bel-Air.  
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9.4  Opportunities of Climbing Scaffolding in Hong Kong  
 
From the interviews, it is further ensured the point that problems exist for the 
traditional bamboo scaffolding that dominating the local construction industry. 
Meanwhile, compared to other prevailing types of scaffolds present in local 
construction industry, climbing scaffolding does process some overwhelming 
advantages. These present opportunities for its adoption in Hong Kong.  
 
9.4.1  Design 
 
The major problem of bamboo scaffolding, as indicated in the literature reviews, is 
that it lacks a standard for the calculation of the strength. The interviewees points out 
that the design of the bamboo scaffolds is usually leave for the scaffolders. And the 
most important point suggested in the interviews is that bamboo is not included in the 
British Standard which is used as a guideline for the checking and inspection of the 
quality of the materials in the construction. It is mainly because its use in Britain is 
not as comprehensive as that in Hong Kong. Variation in standards implies uncertainty 
which can result in great problem. Meanwhile, these problems do not exist in the 
metal-type scaffolding. Mr. Liu thinks that climbing scaffolding has a better standard 
than bamboo one. According to the interviewees, climbing scaffold is in fact a 
modified metal scaffolding system. It design and inspection are often referred to that 
of metal ones. One reason is that the system is a new trade introduced in local 
construction. There are often better communication and coordination among all the 
parties in the employment of climbing scaffolding to ensure effective outcomes.  
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9.4.2 Safety 
 
The interviewees highlight the overwhelming advantage of safety of climbing 
scaffolding as a whole. Mr. Liu points out that the condition of working environment 
is closely related to the performance of the workers. He highly appreciates the proper 
working platform provided by climbing scaffolding. The new system, of which core 
frame is made of metal, are not as easily damaged as bamboo scaffolds. Though there 
has been literature stating the high accident rate related to climbing scaffolding, Mr. 
So reflects the problem is attributed by the lack of uniform standards and guidelines in 
Mainland China. The construction field of China does not put much emphasize on 
safety. Very often, no prior designs or plans are provided to the erection and operation 
of the system. According to Mr. So, some serious accidents even happened in 
Shengzheng and Guangdong, resulted in a suspension of the use of climbing 
scaffolding. Besides, the interviewee points out that though climbing scaffolding may 
have a lower accident rate than bamboo scaffolding, but once accidents occur with it, 
the consequence can be very serious. The accidents occurred in Mainland often 
associated with the total collapse of the climbing scaffolds. However, the interviewees 
have confident that the same situation would rarely happen in Hong Kong since Hong 
Kong is more aware of safety issue and has a much stricter requirement on the 
planning of construction procedures.  
 
9.4.3  Cost 
 
On the other hand, though climbing scaffolding is regarded to be more expensive than 
bamboo scaffolding, it is cheaper than metal one. It is because climbing scaffold just 
covers a portion of, usually 4-5 storeys, rather than the entire building. The amount of 
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metal material used is not as much as metal scaffolds. The cost-effectiveness of 
climbing scaffolding is much more obvious for high-rise buildings. It is because 
bamboo scaffolds are usually not suitable and efficient in high-rise building 
construction while metal scaffolds are too expensive. Therefore, climbing scaffolds 
represent a best choice.  
 
9.4.4  Time 
 
Climbing scaffolding system has certain advantages in the construction time. 
According to Mr. Chen, climbing scaffolds can climb up a storey in an hour. It is 
much faster than the erection of traditional bamboo scaffolds.  
 
9.4.5  Quality and Inspection 
 
This factor refers to the quality of the construction work. Mr. Chen highlights that 
boatswain chairs are often used to carry out the external building renovation before in 
bamboo and metal scaffolds which are dangerous and unstable. The workers need to 
control the chairs as well as doing the works. The quality of the rendering work is 
hence strongly affected. On the contrary, the use of climbing scaffolds provides stable 
platform and enables the workers to concentrate on their rendering works. As a result, 
the quality is much enhanced.  
 
Besides, Mr. Chen states that the clients and engineers are often not willing to carry 
out the inspection of the quality of external construction works on the bamboo 
scaffolds. This is mainly attributed to the perception of unsafe nature of working 
platform. Instead, people tend to check the quality at a distance on ground. Frequently, 
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many deficiencies and problems may not be discovered and missed out. On the other 
hand, Mr. Chen emphasizes that the safe climbing scaffold platforms give confidence 
and convenience to the people to carry out the inspection work on them. Moreover, 
the system allows checking to be done floor by floor. Works are permitted to proceed 
to next floor only when the performance on a certain floor is satisfactory upon 
checking. In this way, quality of the work can be ensured.  
 
9.4.6  Repair and Maintenance 
 
Bamboo scaffolds, as regarded by the interviewees, are not durable and not strong 
enough. The supply of bamboo is rather unstable which in turn affects its quality. 
Complaints have been received by the interviewee for the bamboo being too green 
which affected the structure of the scaffolds. And cracks may appear for those 
bamboos which are not brand-new. Mr. So uses the Grand Promenda as an example to 
explain the maintenance and repair problems of bamboo scaffolds. He states that 
bamboo scaffolds, due to its nature, are not suitable for long-lasting construction 
projects. Bamboo has a short life span. For projects of a long duration, like Grand 
Promenda which lasted for three years, the bamboo scaffolds may need to be erected 
two to three times throughout. Nevertheless, the interviews reflect that the 
construction contracts are often unfair to the contractors. The contractors are fully 
liable for the maintenance of the scaffolds including natural depreciation and damages, 
of which the point is also addressed by the literatures. The contractors tend not to 
repair the scaffolds in order to save costs, results in a high accidental rate. Meanwhile, 
climbing scaffolding is mainly made of metal and driven by electrical power. It does 
not demand so much on replacement and repair. The advantage is also attributed to the 
cost-effectiveness of the system.  
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9.4.7  Environmental Friendliness 
 
Since bamboo easily depreciates and need frequent replacement, lots of bamboo strips 
are consumed. Moreover, both literatures and interviews admit that most bamboo 
cannot be reused. However, the tones of bamboo strip after dismantling need 
substantial time and space to sort out for reuse purpose. And this is not always 
feasible in the congested construction sites in Hong Kong. Furthermore, the 
interviewees point out that repair problems occur for those bamboo to be reused. 
Since they are natural material, the repair costs and effort is larger than those 
brand-new ones. As a consequence, people mostly prefer to throw them away, causing 
a lot of construction waste. On the contrary, metal is strong and long-lasting. They can 
certainly be reused many times.  
 
Climbing scaffolding is found to have advantages over different types of scaffolding 
system in different aspects. As a whole, it improves and complements the weaknesses 
of other types.  
 
9.5  Application of Climbing Scaffolding in Hong Kong 
 
Though climbing scaffolding is regarded to have the overwhelming merits, especially 
safety and cost, its efficient and effective application in local construction industry is 
constrained by certain requirements. The interviews indicate that the system is subject 
to three major considerations: 
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? Building height 
? Building contour 
? Amount of usage 
 
9.5.1  Building Height 
 
Climbing scaffolding is often erected in form of 4- to 5-storeys high to climb up the 
building. If the building is low-rise, the erection of climbing scaffolding may be 
relatively long compared to the whole construction period of the project. Therefore, 
bamboo scaffold become a better choice as it can be erected within a short period for 
short height. Besides, the construction period of low-rise buildings usually is 
relatively short and fast. Therefore, the bamboo materials used and disposed of are far 
less than that of high-rise buildings. The advantages of climbing scaffolding disappear 
in these projects. On the contrary, bamboo scaffolds are not suitable to be used in 
high-rise construction because of safety, time, cost as well as environmental factors. 
And climbing scaffolding in this case represents the best choice.  
 
9.5.2  Building Contour 
 
Since climbing scaffolding is a self-climbing structure for repetitive construction 
along the whole height of the building, it has a low flexibility to the change. Once the 
system is in fixed in position, it is different to amend. The interviews reflect that its 
use is most efficient in buildings of simple shape, e.g. plain facade. Nevertheless, it is 
rare to have such “simple” buildings in nowadays Hong Kong as bay windows, 
balcony and complex shapes are often regarded as value-added features of the 
buildings. It is noted that climbing scaffolding can also be used efficiently in buildings 
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with little change along the height due to its repetitive nature and low flexibility.  
 
9.5.3  Amount of Usage 
 
As stated in previous paragraphs, climbing scaffolding is cost-effective only when it is 
used repeatedly. The rationale is simple – economy of scale. The situation is different 
from bamboo scaffolding which is used for a time. Therefore, repeated application 
help to reduce the average costs of the system. Hence, climbing scaffolding is more 
economical in large amount of use.  
 
9.5.4  Other issues 
 
Apart from the above basic requirements, there are also some other important points 
to be noted in the use of climbing scaffolds. 
 
9.5.4.1  Cost  
 
Cost is regarded as a vital implication in the consideration of the system. It is 
undoubtedly that the system represents a cheaper choice to metal scaffolds. However, 
whether its cost is competitive with bamboo scaffolds is still uncertain. The 
interviewees raise arguments on the cost implication of the system. Mr. So and Mr. 
Liu think that the system is economical in long run. Though climbing scaffolds may 
involve relatively high cost in the initial trials, both Mr. So and Mr. Liu believe that its 
cost can be competitive to bamboo ones as long as it is used repeatedly. Nevertheless, 
Mr. Chen does not agree to this point. He points out that other types of cost are still 
incurred besides the material costs. He highlighted that the costs of labour for erecting 
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climbing scaffolds is much higher than that of bamboo scaffolds (approximately 3 
times), which even exceed the saving from material and maintenance.  
 
9.5.4.2  Structural requirement  
 
Mr. So states that climbing scaffolds have a larger requirement on the structural 
strength of the building. It is because the system is different from other scaffolds, 
especially the metal one which are independent system. However, the erection and 
operation of climbing scaffolding system cling to the external façade of the building. 
More loads are hence added to the structure.  
 
9.5.4.3  Strict schedule 
 
Apart from the above constraint, Mr. So further highlights the strict requirement for 
the operation of climbing scaffolding to be in schedule. It is because the system only 
covers a small portion of the area of the buildings for other construction works. Works 
cannot be carried out simultaneously over the whole development as that in bamboo 
scaffolds. Any delay in a floor may cause chain effect, resulting in the delay of the 
whole construction.  
 
Nonetheless, the problem is no as serious as it tends to be. Mr. Chen points out that 
there is generally a limited number of workers for working on the scaffolds due to 
limited supply and safety reasons. The coverage of four storeys of a building by a set 
of climbing scaffold is usually enough and have allowed for the amount of works. Yet 
he admits that jumping of work across discrete floors, e.g. from 8/F to 18/F, at a time 
is impossible for climbing scaffolds.  
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9.5.4.4  Vertical construction works 
 
One vital point noted in the interviews is that climbing scaffolding system has a 
problem with vertical construction work along buildings. Vertical construction works 
include piping, town gas, fire services and electrical installations. Climbing scaffolds 
cover only a few storeys of the building and climb up floor by floor, however these 
vertical works have to be carried out continuously along the building. Problems then 
arise.  
 
This is especially true for regions like Hong Kong where the climate is hot. According 
to Mr. Chen, the vertical services are often installed internally, especially for northern 
regions, due to the cold weather in these places. For example, it is impossible to 
install water supply pipes on the external walls of buildings in these areas since 
freezing may occur. However, the situation is different in Hong Kong where space is a 
constraint and aesthetic is important. Occupants do not prefer to have these services 
installed within their flats. Consequently, bamboo scaffolds are forced to be used 
supplement to climbing scaffolds to install the vertical services, as in the project of 
Bel-Air. 
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Fig. 9.1  Climbing scaffolding in Bel-Air construction site 
 
It is aware of that the above requirements are generally applied for local construction 
industry. And the system is often amended and modified to suit for each development.  
 
9,6  Case Studies 
 
In recent years, the use of climbing scaffolding in local construction industry has been 
increasing. Many large-scale building projects have adopted the new system, e.g. 
Ocean Shore, Kowloon Bay project, Olympic station development, Bel-Air etc. In 
order to illustrate the local application of climbing scaffolding better, case studies are 
carried out supplemented by the interview findings.. 
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9.6.1  Ocean Shore Phase 3 in Tsueng Kwan O 
 
This project is regarded as the first attempt to supply and employ climbing scaffolding 
by local construction industry itself. The development is a residential estate of a site 
area over 500,000 square metres in which tower 16 and 17 were constructed using 
climbing scaffolding. The two towers are of more than 50 storeys high.  
 
 
Fig. 9.2  Climbing scaffold in Ocean Shore Phase 3 
(Source: Sanfield Building Contractors Ltd.) 
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9.6.1.1  Construction and operation procedures 
 
In the construction project, the design of climbing scaffolding is provided by the main 
contractor, Sanfield Building Contractors Ltd. Two separate sets of climbing scaffolds 
with different heights were used in the project – a 15-metre (i.e. 5-storey) high 
climbing scaffold system A for the construction of reinforced concrete structure and 
another 21-metre (8-storey) high system B for wet trade work, e.g. external wall C/S 
rendering. The two sets of system worked simultaneously, where system A climbed on 
top of system B up the building. System A and B were scheduled to have a working 
cycle of 3 and 5 days respectively in the project.  
 
 
Fig. 9.3  Structure of the two scaffolds used in the project of Ocean Shore 
(Source: Sanfield Building Contractors Ltd.) 
 
Scaffold A was erected in the sense that each layer is fixed after the erection of a floor. 
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When the concrete structure erected was one to two storeys higher than the scaffold, 
the system then climbed up. And it climbed just after the erection of each storey. 
Detailed procedures and other information of the case can be referred to the Appendix 
II.  
 
When scaffold A had finished the reinforced concrete work, scaffold B climbed up 
after some storeys to carry out the external wall rendering work. It then climbed up 
again once the works of certain floor was completed. The operation repeated up the 
entire height of the building. Catch fans were found at regular intervals (12 storeys) of 
which each was erected right below the scaffold B for safety purpose. Nevertheless, 
the non-typical floors and roofs in the upper part of the building were erected by 
traditional bamboo scaffolds.  
 
Once scaffold A reached the top of the building, it moved down to carry out the 
external wall rendering work for those storeys which were not yet covered by scaffold 
B. Wall tiling and cleaning were also done at the same time by scaffold A. Meanwhile, 
scaffold B started to move down as well at several storeys below scaffold A for the 
external wall tiling of lower parts of the building. Catch fans were removed just 
before scaffold B reached their levels. Finally, the structure and rendering works of 
the whole building were completed. The climbing scaffold A and B were removed for 
making good the finishing of the transfer plate.  
 
9.6.1.2  Implications of the use of climbing scaffolding in the project 
 
Mr. Liu, as the project manager of the Ocean Shore development, highly praises the 
working environment provided by the climbing scaffolds. He reflects that the workers 
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were satisfied with and welcome the use of the system. The proper working platforms 
enabled the workers to carry out different trades in a safe and efficient way, which in 
turn could increase productivity.  
 
Safety of the climbing scaffolds was further ensured by mechanical testing and 
approval. In this project, the scaffolds were designed and erected by competent metal 
scaffolders to ensure stability. An independent checking engineer was appointed to 
approve the structural design and calculations. The lifting capacity, equipment and 
safety devices were tested and certified by a R.P.E before any operation. And there 
were thorough inspections before, during and after the lifting of climbing scaffolding 
by competent persons and safety officers. On the contrary, the use of bamboo 
scaffolding does not have so much structural checking and the workers are required to 
take care of themselves. The interviewees point out that this may erect additional 
pressure on the workers which may have adverse effect on both their safety and 
working performances.  
 
Another merit of the use of climbing scaffolding in the project was that planning for 
dismantling of the systems could be prepared in advance. Dismantling procedures of 
the project was documented. And the scaffold could be dismantled at low level. 
Compared with bamboo scaffolds, which are usually dismantled by convenient cutting 
and throwing the bamboo poles down the height in the air, the practice enhanced the 
safety of climbing scaffolding.  
 
Instead of using bamboo scaffolds to cover the entire building, the partial coverage 
(approximately 1/4 of the building) by climbing scaffolding saved a large amount of 
materials. It was estimated that 27,000 bamboo poles might have been consumed if 
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bamboo scaffolds were employed in this case. Besides, less debris were produced in 
the project. Consequently, there were less cleaning and handling works afterwards. 
Besides, by using climbing scaffolds rather than bamboo scaffolds, the crane load can 
be effectively reduced since it need not to lift any bamboo poles.  
 
High skilled scaffolders are required for bamboo scaffolding, results in a limited 
supply of such labour. Contrarily, climbing scaffolds are less demanding on the 
technique and skill of the labour. Workers for climbing scaffolds are more easily 
available. In the project, the workers were only needed to train for some time to use 
the system.  
 
Nevertheless, the weaknesses of climbing scaffolds were also revealed in the project. 
The roof parts of the buildings were constructed by using bamboo scaffolds due to 
their irregular shape and structure. This enhanced the necessity of simple shape of the 
building contour in the application of climbing scaffolding. More seriously, problems 
occurred in the project. The construction period was shortened since the client 
suddenly required the project to be finished earlier for inspection. At that time, 
however, the two scaffolds were still working at the upper half of the building. In 
order to beat the deadline, bamboo scaffolds were finally erected at the bottom part of 
the building to finish the rendering work. The experience once again illustrated the 
weakness of lack of flexibility of the system. When time suddenly becomes a 
constraint, climbing scaffolding fails to deal with the problem by its nature of partial 
coverage.  
 
Apart from this, there are also other obstacles for the local use of climbing scaffolds. 
Mr. So states that motivation problem exists for the new system. As in the case of 
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Ocean Shore, 50 workers were mainly hired to carry the construction work on 
climbing scaffolding. Many of them did not carry out their work properly by using the 
excuse of being not familiar with the new technology. Furthermore, some complaints 
were received, stating that more workload was resulted from the use of climbing 
scaffolds, especially for concreting workers. It is because climbing scaffolding is a 
self-climbing device on the external wall of a building, more anchorage point are 
needed. And the anchorage points hindered some workers’ works in the project.  
 
9.6.2  Union Square Package 6 on Kowloon Station 
 
Union Square is a large-scale project which involves a comprehensive range of 
developments. Package 6 consists of 5 towers of residential, hotel and commercial. 
And the project is still under construction. Tower 20 and 21 of the project are a 
80-storey complex of suite hotels, service apartments as well as residential l.  
 
Tower 20 and 21 engage a mixed use of bamboo scaffolds and climbing scaffolds. 
Bamboo scaffolds are used for the construction of internal voids of the building, while 
climbing scaffolds are applied on the external façades. Different from Ocean Shore, 
only one set of climbing scaffold is used.  
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Fig. 9.4  Layout plan of Union Square Package 6 (1) 
(Source: Sanfield Building Contractors Ltd.) 
 
Fig. 9.5  Layout plan of Union Square Package 6 (2) 
(Source: Sanfield Building Contractors Ltd.) 
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Fig. 9.6  Layout plan of Union Square Package 6 (3) 
(Source: Sanfield Building Contractors Ltd.) 
 
9.6.2.1 Construction and operation procedures 
 
The operation procedures of the climbing scaffold is different from the previous case. 
Since the external façade of the buildings are designed to be made of curtain wall, a 
15-metre (4-storey) high climbing scaffold is erected for the reinforced concrete 
construction. And the single scaffold system works as the scaffold A of Ocean Shore.  
 
During construction, the climbing scaffolds climb up the building façade for 
reinforced concrete construction. After it has reached a certain height, catch fans are 
built at intervals to prevent debris falling from height. Gondolar are erected below for 
curtain wall installation. It is then followed by internal plastering and M&E works 
with the use of bamboo scaffolds. When the gondolar finishes its work in the lower 
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floors and reaches the first set of catch fans, the catch fans are removed and further be 
erected at a higher floor. Gondalor work can therefore continue without any hinder. 
The procedures repeat until the climbing scaffolds and gondolar reach the top of the 
building. The climbing scaffolds are then removed and need not to move downward. 
More details can be referred to the appendix.  
 
9.6.2.2  Implications of the use of climbing scaffolding in the project 
 
This case study illustrates a different way of employing climbing scaffolds. Usually, 
climbing scaffolds are used for both RC construction and external wall rendering in 
their upward and downward movement respectively along the building façade. 
However, in this project, the climbing scaffolds only serve for upward RC 
construction. Since this construction project just commences, therefore no feedbacks 
can be obtained yet.  
 
However, there are some comments received for the application in this type of 
construction. Mr. Chen believes that climbing scaffolding system works particularly 
well for curtain wall structure as that in this project. He points out that bamboo 
scaffolds are especially dangerous to be used in buildings covered with curtain wall. It 
is attributed to the practice that the construction of curtain wall often commence 
before the bamboo scaffolds have been erected to the top of the building. The 
installation of curtain wall involves the dismantling of the scaffold. As a result, the 
lower part of bamboo scaffolds are cut while the upper part still attached to the 
building. It is inevitable that the stability and hence safety of the system are adversely 
affected. Contrarily, as seen from the operation procedures, climbing scaffolds do not 
possess such problem. Moreover, only one set of scaffold and one-way operation is 
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required. The process is regarded to be more efficient and effective. Another good 
example is the project of Kowloon Bay.  
 
Nevertheless, it is noted that bamboo scaffolds have to be used on one side of the 
building façade in the high zone (70/F~80/F) which is of smaller surface area than the 
lower zones. This once more illustrates the limited use of climbing scaffolds in 
changing external façade.  
 
9.7  Climbing Scaffolding in Future Construction Market of Hong Kong 
 
Though there is an increasing number of construction projects employed climbing 
scaffold, the system need to further be modified and improved in order to have a more 
widely application in local construction field. The interviewees believe that climbing 
scaffolds still have rooms for lowering its cost. Also, they point out that the system is 
a bit bulky and not flexible enough, as illustrated in the case studies. Furthermore, Mr. 
So thinks that more communication is needed between the contractor and structural 
engineers as the latter are often too strict and tends to increase the costs of climbing 
scaffolds. Another point raised is that though some contractors may be interested in 
the new system, the strict requirement on the tender price may scare them away.  
 
In Mr. So’s view, bamboo scaffolding would still dominate the market in the near 
future, and the ban of its use seems to be impossible in a free market like Hong Kong. 
It is inevitable that the demand of climbing scaffolding is still little compared to other 
types. And its use may have to depend on economic situation. Mr. Chen also thinks 
that the application of system in other field is not as optimistic as it does in Mainland. 
He believes that cost is still a dominant factor in the construction market. 
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Nevertheless, Mr. Chen points out that nowadays the government contract often 
clearly states the prohibition of the use of bamboo scaffolds in public construction. 
This may give initiative to seek for the relatively cheaper climbing scaffolds when 
compared to metal scaffolds. However, he notes that most of the government projects 
are low-rise buildings like school, hospital etc. The opportunity of the system seems 
to be not much in this area. Instead, both Mr. So and Mr. Chen believe that climbing 
scaffolding can be quite competitive and has better prospect in commercial building 
construction. It is because those buildings are usually high-rise and with simple 
contour and curtain wall in which climbing scaffolding system has overwhelming 
advantages.  
 
Nevertheless, Mr. Liu claims that the cost of scaffold is not much compared to the 
total construction costs, usually less than 1%. He thinks that the merits of climbing 
scaffolds outweigh the cost factor. All in all, the system is still in the trial stage at 
present. Research and modification are on their ways in local construction. It is 
confident that once the use of the new system becomes more sophisticated by repeated 
application, climbing scaffolding can be an efficient and competitive system.  
 
9.8  Chapter Summary 
 
In summary, the interviewees demonstrate the strengths and merits of climbing 
scaffolds over others in various aspects. On the whole, it gives a balance point 
between cost and safety provided that the requirements of employment are fulfilled. 
The new system is inevitably much safer than the dominant bamboo scaffolds. 
However, it use is cost-effective only in high-rise buildings with little change in 
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façade and may be of repeated use. Moreover, the system is regarded to be lack of 
certain flexibility. But it is believed that by repeated application, modification and 
improvement, the system would have a great potential in Hong Kong.  
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Conclusive Remarks of the Section 
 
Research methods and finding analysis form the most important core part of the study. 
Through a triangulation of qualitative and quantitative research methods, i.e. 
conducting questionnaires, interviews and case studies as well as analyzing the 
findings, views regarding current scaffolding market and local application of climbing 
scaffolding system are collected. 
 
The results of this section demonstrate a company’s considerations and practices of 
scaffolding are strongly affected by its scale. This explains the phenomenon of the 
dominating employment of bamboo scaffolds in nowadays safety-oriented 
construction industry. Bamboo though not as safe as other systems, its low cost makes 
it stand out of the competitors.  
 
The question of whether the new climbing scaffolding system is competitive to the 
traditional bamboo scaffolding in local construction industry is still uncertain. It very 
much depends on the nature of the project. Both of the systems are subject to different 
constraints. Application of one system may well be supplementing one’s deficiencies. 
And this situation is also applicable to other types of scaffold in local market. Often, 
as stated by Mr. Chen, the use of a system is determined by the favor of clients. Such 
favor may be subject to many other factors, like scale of the company, network of 
supply etc.  
 
Nevertheless, one definite point is that by increasing and repeated application, 
climbing scaffolding system will soon be developed into a sophisticated system and 
take up an important position in local construction industry.  
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Section Four 
Epilogue 
 
Chapter 10    Conclusion 
 
10.1 Introduction 
 
Ever since, safety and cost are regarded to be the two most important considerations 
present in any industry. This is especially true for Hong Kong’s construction field in 
which construction projects often involve an enormous sum of money while the 
accident rates stand high over the years compared to other countries (Rowlinson, 
2003). The bamboo scaffolds, which are comprehensively used in local construction 
industry, are renowned of both its traditional art nature as well as high accident toll. 
On the other hand, metal scaffolds are found to be too expensive.  
 
The study aims at determining the application of the new climbing scaffold system, 
which has arisen in local construction industry over these few years, by evaluating its 
local performances and market situation. And it examines the feasibility of replacing 
the prevailing bamboo scaffolds by the safer new system.  
 
10.2  Summary of Findings 
 
Climbing scaffolds are found to have overall merits in cost and safety when compared 
to other prevailing systems. It has a position lying between bamboo scaffolds and 
metal scaffolds. The study reviews that the system has overwhelming merits in safety 
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than bamboo scaffolds, while its cost may not be competitive. Meanwhile, it has a 
much lower cost than metal scaffolds.  
 
In view of this, climbing scaffold is suggested to be used in high-rise building where 
bamboo scaffolds are deemed to be too unreliable and metal scaffolds are too 
expensive. It represents the best choice in terms of both cost and safety factors. 
Nevertheless, the constraints presented for the new system in local application makes 
it most efficient and effective in commercial buildings. Simple contours, tall building 
height as well as the installation problems of vertical services define its application 
limitations. Moreover, the benefits of climbing scaffolds are maximized in buildings 
wit curtain wall installation.  
 
The study reveals a high level of awareness of safety issue in the industry. Climbing 
scaffolds shall represent a good option. However, its application is not as wide as it is 
expected. It is attributed by the findings that the scale of a company has an important 
implication in determining the adoption of climbing scaffold. The new system is 
found to require large amount of resources. Time, effort and money have to be spent 
in studying the feasibility of its use as well as modification to adapt to local 
construction. Cost remains a major constraint for smaller companies. Safety is only 
considered when the company has the adequate financial base to ignore the cost 
factor.  
 
Therefore, it is foreseen that local construction industry will still be dominated by 
bamboo scaffolds for quite some time. Nevertheless, there is a trend for local 
buildings to develop upward, i.e. to be built as high as possible. Under this trend and 
sustained modification, it is believed that climbing scaffold shall have its market and 
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promising future in Hong Kong.  
 
10.3  Limitations of the Research 
 
Though it is the aim of this study to investigate the new system, various limitations 
and inadequacies do present in the study.  
 
First of all, the study mainly features on the local perceptions and experiences of 
climbing scaffolds. No engineering data and analysis are collected and conducted. 
Therefore, the study may just give a general reference on the use of the system. The 
implication of safety and cost factor may vary from projects to projects.  
 
Secondly, climbing scaffolding system is still a relatively new topic within local 
construction field. Statistics and research related to its local application are very 
limited. Information is highly insufficient. Literatures from Mainland China are 
studies. However, it is noted that the features and application of the system may be 
different between the two places.  
 
Thirdly, the number of interviews and questionnaires are not adequate to reflect the 
real market trend. The sample size is relatively small compared to the whole 
population. And the low response rate makes the analysis ignore the view of those 
non-respondents.  
 
Lastly, there are rather a few companies which have tried climbing scaffolds. And 
they are mostly large companies. The information collected in the interviews may not 
represent the views of smaller companies. As a consequence, it may not reflect the 
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real situation of climbing scaffold in the overall industry.  
 
10.4  Areas for Further Research and Study 
 
In view of the limited number of interviews and responses from questionnaire, further 
study is recommended to extend the coverage to more construction companies and 
personnel. It is suggested that interviews can be conducted with developers and site 
workers in order to get a more deep and comprehensive view of the system from 
different levels. And any engineering data and report shall also present good 
references on the performance of the system if available for further research.  
 
 
 
Climbing Scaffolding in Hong Kong’s Building Construction 
  References and Bibliography 
183 
References and Bibliography 
 
References 
 
Census and Statistics Department (1994-2003) Hong Kong Monthly Digest of 
Statistics, Hong Kong: Census and Statistics Department  
 
Champion, S. (1996) Access Scaffolding. London : Longman 
 
Chan, S.L., Wong, K.W., So, Y.S. and Poon, S.W. (1998) Empirical Design and 
Structural Performance of Bamboo Scaffolding, Symposium on Bamboo and 
Metal Scaffolding, Hong Kong : Hong Kong Institution of Engineers, 5-22 
 
Chang, C.C. (2002) An engineering study for improving safety and reliability of 
bamboo scaffoldings: final report / submitted to Occupational Safety & Health 
Council. Hong Kong: Occupational Safety & Health Council : Hong Kong 
University of Science & Technology. 
 
Chung, K.F. and Chan, S. L. (2002) Design of bamboo scaffolds. Hong Kong : Hong 
Kong Polytechnic University. 
 
Chung, K.F. and Siu, Y. C. (2002) Erection of bamboo scaffolds. Hong Kong : Hong 
Kong Polytechnic University. 
 
Construction Industry Training Board (1997) Guide to Practical Scaffolding : The 
Construction and Use of Basic Assess Scaffolds. London : Construction 
Industry Training Board. 
 
Chow, M.K. and Ng, H.K. (1998) Independent Checking and Control of the Design 
and Erection of Metal Scaffolding, Symposium on Bamboo and Metal 
Scaffolding, Hong Kong : Hong Kong Institution of Engineers, 95-102 
 
Denzin, N. K. and Lincoln, Y. S. (Eds.). (1984). Handbook of qualitative research, 
Thousand Oaks, CA: Sage. 
 
Climbing Scaffolding in Hong Kong’s Building Construction 
  References and Bibliography 
184 
Fang, D.F., Wu, S.H., Wong, K.W. and Shen, Q.P. (2004) A Comparative Study on 
Safety and Use of Bamboo and Metal Scaffolding in Hong Kong, Construction 
Safety Management System. London : Spon Press, 363-372 
 
Fellows, R. and Liu, A. (1997) Research Methods for Construction. Oxford : 
Blackwell Science 
 
Fellows, R. and Liu, A. (2002) Research Methods for Construction. Oxford : 
Blackwell Science 
 
George, D. and Malley, P. (2003) SPSS for Windows Step by Step: A Simple Guide and 
Reference 11.0 update. Boston : Allyn and Bacon 
 
Hong Kong Occupational Safety and Health Association (2000) COP on Bamboo 
Scaffolding Safety [online] Hong Kong : Hong Kong SAR Government. 
Available from :  
 http://www.hkosha.org.hk/Safety%20Bulletin/Jul_2000/Bamboo%20Scaffoldin
g.htm [Accessed 16-4-04] 
 
Hong Kong SAR Government (2003) Scaffolding safety a priority for Labour Dept 
[online] Hong Kong : Hong Kong SAR Government. Available from :  
 http://www.info.gov.hk/gia/general/200312/16/1216069.htm [Accessed 
5-12-04] 
 
Hong Kong SAR Government (2001) Code of Practice to enhance work safety in 
bamboo scaffolding [online] Hong Kong : Hong Kong SAR Government. 
Available from :  
 http://www.info.gov.hk/gia/general/200104/30/0427254.htm [Accessed 
5-12-04] 
 
Hong Kong SAR Government (2001) Code of Practice to enhance work safety in 
metal scaffolding [online] Hong Kong : Hong Kong SAR Government. 
Available from :  
 http://www.info.gov.hk/gia/general/200108/19/0817119.htm [Accessed 
5-12-04] 
 
Hong Kong SAR Government (2002) Scaffolding collapse in Tsim Sha Tsui [online] 
Hong Kong : Hong Kong SAR Government. Available from :  
Climbing Scaffolding in Hong Kong’s Building Construction 
  References and Bibliography 
185 
 http://www.info.gov.hk/gia/general/200212/09/1209185.htm [Accessed 
5-12-04] 
 
Hong Kong SAR Government (2002) Roundup of scaffolding collapse in Tsim Sha 
Tsui [online] Hong Kong : Hong Kong SAR Government. Available from :  
 http://www.info.gov.hk/gia/general/200212/09/1209244.htm [Accessed 
5-12-04] 
 
Hong Kong SAR Government (2002) Scaffolding collapse : Ma Tau Wai Road [online] 
Hong Kong : Hong Kong SAR Government. Available from :   
http://www.info.gov.hk/police/pprb/peb/english/INK00001_e.html [Accessed 
5-12-04] 
 
Hong Kong SAR Government (2003) LD inspecting construction sites to check 
scaffolding safety [online] Hong Kong : Hong Kong SAR Government. 
Available from :  
 http://www.info.gov.hk/gia/general/200212/09/1209185.htm [Accessed 
5-12-04] 
 
Janssen, J.A. (2002) Structural Joins in Bamboo, Proceedings of International 
Seminar 'Bamboo scaffolds in building construction’ : an alternative and 
supplement to metal scaffolds, Hong Kong: Hong Kong Polytechnic University , 
25-30 
 
Kerlinger, F. (1964). Foundations of behavioral research, New York: Holt, Rinehart & 
Winston 
 
Labour Department (2001) Code of Practice for Bamboo Scaffolding Safety, Hong 
Kong: Occupational Safety and Health Branch, Labour Department 
 
Labour Department (2001) Code of Practice for Metal Scaffolding Safety, Hong Kong: 
Occupational Safety and Health Branch, Labour Department 
 
Lee, H.K. (1996) Construction Safety in Hong Kong. Hong Kong : Lorrainelo 
Concept Design & Project Management Ltd.  
 
Lee, H.K. (2002) Bamboo scaffolding – past, present and future from a safety 
practitioner’s view, Proceedings of International Seminar 'Bamboo scaffolds in 
Climbing Scaffolding in Hong Kong’s Building Construction 
  References and Bibliography 
186 
building construction : an alternative and supplement to metal scaffolds, Hong 
Kong : Hong Kong Polytechnic University, 101-103. 
 
Lee, K.K.(1998) Structural Performance Appraisal of Metal Scaffold System, 
Symposium on Bamboo and Metal Scaffolding, Hong Kong : Hong Kong 
Institution of Engineers, 103-112 
 
Li, J.F., Luo, D.H., Bai, M.D. and Yao, N.W. (2000) “Practical Construction of 
Technique of Rail Climbing Scaffolding”, Architecture Technology, (31) 8, 
530-532 
 
Liu, D. (1998) The CAI Courseware on Integral Elevated Scaffold, Symposium on 
Bamboo and Metal Scaffolding, Hong Kong : Hong Kong Institution of 
Engineers, 125-128 
 
Mak, H.K. (1998) Legislative Control Regime for Ensuring Safe Use of Scaffolds, 
Symposium on Bamboo and Metal Scaffolding, Hong Kong : Hong Kong 
Institution of Engineers, 23-34 
  
Mok, K.W. (1998) Bamboo Scaffolding-Testing of Skills, Symposium on Bamboo and 
Metal Scaffolding, Hong Kong : Hong Kong Institution of Engineers, 35-42 
 
Mowatt, L. (1998) Safety and Application of Steel Scaffolding in the Construction and 
Maintenance Industries, Symposium on Bamboo and Metal Scaffolding, Hong 
Kong : Hong Kong Institution of Engineers, 77-82 
 
Newman, I. and Benz, C.R. (2000) Qualitative-quantitative research methodology : 
exploring the interactive continuum, [online] Boulder : netLibrary. Available 
from :  
 http://www.netlibrary.com [Accessed 10-3-05] 
 
Norusis, M.J. ((2002) SPSS 11.0 Guide to Data Analysis. New Jersey : Prentice Hall 
 
Poon, C.S. (2004) Low waste building technologies and practice [online] Hong Kong : 
The Hong Kong Polytechnic University. Available from :  
 http://www.cse.polyu.edu.hk/~cecspoon/lwbt/Frame_Page/Frame_scaffolding.h
tm [Accessed 16-4-04] 
 
Climbing Scaffolding in Hong Kong’s Building Construction 
  References and Bibliography 
187 
Qiu, M.H., Dai, H.M. and Zhou, H.M. (1998) “Characteristics and Applications of 
Double Guide Bottom Tom Type Intelligentized Climbing Scaffold”, 
Architecture Technology, (29) 9, 612-613 
 
Rowlinson, S. (2003) Hong Kong construction : safety management and the law. 
Hong Kong : Sweet & Maxwell Asia 
 
Rowlinson, S. (2004) Safety and Technology, Construction Safety Management 
System. London : Spon Press, 355-362 
 
Sanfield Building Contractors Ltd. (2004) Presentation of Climbing Scaffold System : 
Ocean Shore Phase 3 Tseung Kwan O and Union Square Package 6, Hong 
Kong: Sanfield Building Contractors Ltd.  
 
Shenzhen Techen Up-down Scaffold Engineering Co. Ltd. (2004) Practical Eximious 
Cases of up-down Scaffolds used in High-rise Buildings and Innovative 
adoptions of engineering up-down scaffolds in high-rise buildings, China: 
Shenzhen Techen Up-down Scaffold Engineering Co. Ltd. 
 
So, Y.L. (1998) History on the Use of Bamboo Scaffolding, Symposium on Bamboo 
and Metal Scaffolding, Hong Kong : Hong Kong Institution of Engineers, 1-4 
 
So, Y.S. and Wong, K.W. (1998) Bamboo Scaffolding Development in Hong Kong- A 
Critical Review, Symposium on Bamboo and Metal Scaffolding, Hong Kong : 
Hong Kong Institution of Engineers, 63-76 
 
So, Y.S. (2002) Erection of Bamboo Scaffolds and Their Recent Development, 
Advances in Building Technology : Proceedings of the International Conference 
on Advances in Building Technology (Volume 1). Amsterdam : Elsevier, 
645-651 
 
So, Y. S. (2002) Trade practice bamboo scaffolds and mixed metal-bamboo scaffolds, 
Proceedings of International Seminar 'Bamboo scaffolds in building 
construction’ : an alternative and supplement to metal scaffolds, Hong Kong: 
Hong Kong Polytechnic University , 89-94. 
 
So, Y.S. (2003) Safety Technology to the Scaffolding Industry : Metal Bamboo Matrix 
System Scaffold (MBMSS), Safety & Health Expo 2003 paper, Hong Kong: 
Climbing Scaffolding in Hong Kong’s Building Construction 
  References and Bibliography 
188 
Occupational Safety & Health Council. 
 
Tang, S.L. (2004) Financial and Social Costs of Construction Accidents, Construction 
Safety Management System. London : Spon Press, 411-424 
 
Tong, W.K. and K.F. Chu (1998) ISO 9000 Quality System for Scaffolding, 
Symposium on Bamboo and Metal Scaffolding, Hong Kong : Hong Kong 
Institution of Engineers, 119-124 
 
Tong, Y.C. (1998) Bamboo scaffolding - practical application, Symposium on Bamboo 
and Metal Scaffolding, Hong Kong : Hong Kong Institution of Engineers, 43-62 
 
Tong, Y.C. (2002) Bamboo scaffolding – practical application, Proceedings of 
International Seminar 'Bamboo scaffolds in building construction’ : an 
alternative and supplement to metal scaffolds, Hong Kong : Hong Kong 
Polytechnic University , 31-42 
 
Wong, K.W. (1998) Bamboo scaffolding : safety management for the building 
industry in Hong Kong. Hong Kong : Dept. of Building and Real Estate, Hong 
Kong Polytechnic University 
 
Wong, Y.Y. (1998) Maintenance and Inspection of Bamboo and Metal Scaffolding, 
Symposium on Bamboo and Metal Scaffolding, Hong Kong : Hong Kong 
Institution of Engineers, 113-118 
 
Wui Fai Holdings Ltd. (2001) Presentation of Climbing Scaffold System : Proposed 
Residential Development at T.K.O.I.L. 55, Area 72, Tseung Kwan O, Hong 
Kong, Hong Kong: Wui Fai Holdings Ltd.  
 
深圳市特辰升降架工程有限公司 (2000), 軌導式升降腳手架鑒定資料, 中國: 深
圳市特辰升降架工程有限公司 
 
魏建民 (1996) “軌導式電動爬架在高屋建築施工中的應用”, 四川建築, (16) 3, 
43-45 
 
 
 
Climbing Scaffolding in Hong Kong’s Building Construction 
  References and Bibliography 
189 
Bibliography 
 
Brand, R.E. (1975) Falsework and access scaffolds in tubular steel. London: 
McGraw-Hill 
 
Burkart, M.J., McCann, M. and Paine, D.M. (2004) Elevated work platforms and 
scaffolding : job site safety manual. New York: McGraw-Hill 
 
Doughty, R. (1986) Scaffolding. Harlow: Longman 
 
Grant, M. (1982) Scaffold falsework design. Berks: Eyre & Spottiswoode Publications 
Ltd.  
 
Le, C.T. (1998) Applied Categorical Data Analysis. New York : John Wiley & Sons 
 
Pun, H.Y. (200-) Bamboo scaffolders’ work. Hong Kong: the Author 
 
Pun, H.Y. (2002) Bamboo scaffolders’ work with geometry. Hong Kong: the Author 
 
Qiang, A.M. (2002) “The application of caterpillar-track type climbing formwork in 
high-rise building”, Shanxi Architecture, 28 (2), 69-70 
 
Wilshere, C.J. (1983) Falsework. London: Thomas Telford Limited. 
 
許剛 (1998) “爬架及爬模技術的發展”, 機械施工, 1998 (3), 27-29 
 
 
 
 
 
 
 
 
 190 
 
 
 
 
 
 
 
Appendix I 
Sample of Questionnaire 
 
 
 
 
 
 
 
 
 
 
 191 
The University of Hong Kong 香港大學 
Faculty of Architecture 建築學院 
Department of Real Estate and Construction 房地產及建設系 
Research Questionnaire on Current Scaffolding Practice 現行棚架業概況的研究問卷調查 
 
Part 1    Basic Information of Interviewee (第 1 部份 基本資料) 
1. Company name (公司名稱):     
_____________________________________________________________________________________________ 
Please tick the box of right answers in Q2 and Q3 (請在 Q2 和 Q3 適當的空格上加上?): 
2. Nature (公司性質) :           ? Developer (發展商)   ? Contractor (承建商)    ? Supplier (供應商) 
3. Size (No. of staff) (公司規模—員工人數):  ? ≤100    ? 100~500    ? 501-1000    ? >1000 
 
Part 2    Current Scaffolding Practice (第 2 部份 本地現時的棚架業概況) 
Please answer the questions in sequence, otherwise if specified. (除非題目註明, 否則請順序回答問題.) 
For Developers and Contractors, please fill in Part 2(A); for Suppliers, please fill in Part 2(B). 
(發展商及承建商請回答第 2A 部份; 棚架供應商/搭建商請回答第 2B 部份.) 
Part 2(A)  For Developers and Contractors (第 2A 部份 –發展商及承建商) 
4. What is the priority of the following factors under your company’s consideration when adopting a certain kind of 
scaffolding?  [Ranking: 1 (most important) – 5 (least important), 0 (not applicable)]  
(在採用一種棚架時,  貴公司會以下列哪項因素作優先考慮?) [請排列考慮次序: 1(最重要) 至 5(最不重要), 
0(不適用)]  
__ Cost (成本)         
__Availability (獲取的難度)           
__ Safety (安全性)              
__ Erection and dismantling time (搭建及拆卸所需時間) 
__ Others (please specify) (其他, 請註明):                                                        
 
5. What are the frequencies of usage of the following scaffoldings in the building construction projects under your 
company?  [Ranking: 1 (most frequent) – 4(least frequent), 0 (not applicable)] 
(請依次排列下列棚架在 貴公司現時的樓宇建築工程的採用情況｡) [使用量: 1(最多) 至 4(最少), 0(不適用)] 
__ Bamboo Scaffolding (竹棚) 
__ Metal Scaffolding (金屬棚)     
__ Bamboo-Metal Mixed Scaffolding (混合棚) 
__ Climbing Scaffolding (爬升棚) 
 
6. Please rank the reasons for adopting the type of scaffolding system with the highest ranking answered in Q5.  
[Ranking: 1 (most important) - 5 (least important), 0 (not applicable)] 
(在採用第 5 題得最高排序的棚架時, 貴公司會以下列哪項因素作優先考慮?) [請排列考慮次序: 1(最重要) 至 
5(最不重要), 0(不適用)] 
__ Low cost (低成本)           
__ Readiness of availability (容易獲取)       
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__ Safety (安全性) 
__ Fast erection and dismantling time (搭建及拆卸快捷) 
__ Others (please specify) (其他, 請註明):                                                        
 
7. Is your company satisfied with the current performance of the scaffolding system highest ranking answered in Q5? 
(貴公司是否滿意第 5 題得最高排序的棚架的現時表現?) 
(Please tick the right box) (請在適當的空格內加上?) 
? Yes (?Part 3) (是, 請往第 3 部份)               
? No (? Q8) (不是, 請往第 8 題) 
 
8. Please rank the areas that the system needs improvement most. [Ranking: 1 (most) – 5 (least), 0(not applicable)] 
(依  貴公司所見, 下列哪部份最需要改善?) [請排列: 1(最需要) 至 5(最不需要), 0 (不適用)] 
__ Cost (成本)         
__ Availability (獲取的難度)           
__ Safety (安全性)              
__Erection and dismantling time (搭建及拆卸所需時間) 
__ Others (please specify) (其他, 請註明):                                                        
 
Part 2(B)  For Suppliers (第 2B 部份 – 棚架供應商/搭建商) 
9. Please rank the amount of the types of scaffoldings that are being supplied by your company at current.   
[Ranking: 1 (largest) – 4 (least), 0(not applicable)] 
(請依次排列  貴公司現時供應棚架的情況｡) [請排列: 1(最多) 至 5(最少), 0(不適用)] 
__ Bamboo Scaffolding (竹棚) 
__ Metal Scaffolding (金屬棚)     
__ Bamboo-Metal Mixed Scaffolding (混合棚) 
__ Climbing Scaffolding (爬升棚) 
 
10. Please rank the amount of the scaffoldings that were supplied by your company in the past 5 years.  
[Ranking: 1 (largest) – 4 (least), 0(not applicable)] 
(請依次排列  貴公司在過去 5 年供應棚架的情況｡) [請排列: 1(最多) 至 5(最少), 0(不適用)] 
__ Bamboo Scaffolding (竹棚) 
__ Metal Scaffolding (金屬棚)     
__ Bamboo-Metal Mixed Scaffolding (混合棚) 
__ Climbing Scaffolding (爬升棚) 
 
Part 3   Acknowledgment of Climbing Scaffolding (第 3 部份 對爬升棚架的認知) 
11. Have your company ever heard of the “Climbing Scaffolding” technology? (Please tick the right box) 
(貴公司曾否聽過爬升棚架的技術?) (請在適當的空格內加上?) 
? Yes (? Q12) (有, 請往第 12 題)               
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? No (? Q15) (沒有, 請往第 15 題) 
 
12. Where did your company learn about this practice? (Please tick the right box , can be more than 1 answer) 
(貴公司是從哪裡得知爬升棚架技術?) (請在適當的空格內加上?, 可以多於一個答案) 
? Seminars and conferences (研討會)        
? Other companies (其他公司) 
? Articles and journals (文章及刊物) 
? Others (please specify) (其他, 請註明):                                                        
 
13. Have your company ever used/ supplied climbing scaffolding? (Please tick the right box) 
(貴公司曾否採用/供應升爬架?) (請在適當的空格內加上?) 
? Yes (? Q17) (有, 請往第 17 題)                      
? No (Developers & contractors? Q14a; suppliers? Q14b)  
 (沒有, 發展商及承建商請往第 14a 題; 供應商請往第 14b 題) 
 
14a. Please rank the importance of the reasons for not using climbing scaffolding?  
[Ranking: 1(most important) – 4(least important), 0(not applicable)] 
(請依次排列  貴公司不採用爬升棚架的原因｡) [請排列: 1(最重要) 至 4(最不重要), 0(不適用)] 
__ No confidence (缺乏信心)       
__ Inaccessible to supply (難以獲得)        
__ Cost factor (成本因素) 
__ Others (please specify) (其他, 請註明):                                                        
(Please proceed to Q15 after having answered this question) (答畢此題後, 請前往第 15 題) 
 
14b. Please rank the importance of the reasons for not supplying climbing scaffolding?  
(請依次排列  貴公司不供應爬升棚架的原因｡) 
[Ranking: 1(most important) – 4(least important), 0(not applicable)] [請排列: 1(最重要) 至 4(最不重要), 0(不適用)] 
__ No confidence (缺乏信心)            
__ No relevant knowledge/ skills (缺乏相關知識/技術)    
__ No/ little demand (沒有/少需求)        
__ Others (please specify) (其他, 請註明):                                                        
 (Please proceed to Q20 after having answered this question) (答畢此題後, 請前往第 20 題) 
 
15. Does your company have any interest in using climbing scaffolding? (Please tick the right box)  
(貴公司是否有興趣採用爬升棚架?) (請在適當的空格內加上?) 
? Yes (是)              
? No, please specify reasons: ____________________________________  
(不是, 請註明原因: __________________________________________) 
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16. Please rank the priority of the factors under your company’s consideration in adopting this new trade?  
(請依次排列  貴公司考慮採用爬升棚架的因素｡)  
[Ranking: 1(most important) – 6 (least important), 0(not applicable)] [請排列: 1(最重要) 至 6(最不重要), 0(不適用)] 
__ Cost  (成本)         
__ Availability (獲取的難度)           
__ Safety (安全性)              
__ Erection and dismantling time (搭建及拆卸所需時間) 
__ Market trend (市場趨勢)        
__ Others (please specify) (其他, 請註明):                                                        
(Please proceed to Q19 after having answered this question) (答畢此題後, 請前往第 19 題) 
 
17. Will your company continue to use climbing scaffolding in future projects? (Please tick the right box) 
(貴公司在日後的工程中會否繼續採用爬升棚架?) (請在適當的空格內加上?) 
? Yes (?Q19) (會, 請往第 19 題)        
? No (?Q18) (不會, 請往第 18 題) 
 
18. Please rank the reasons for not using the climbing scaffolding anymore.  
[Ranking: 1(most important) – 5 (least important), 0(not applicable)] 
(請依次排列  貴公司不再採用爬升棚架的原因｡) [請排列主要性: 1(最重要) 至 5(最不重要), 0(不適用)] 
__ No confidence (缺乏信心)       
__ Difficult accessibility to supply (難以獲得)        
__ Cost factor (成本因素)  
__ Erection and dismantling time (搭建及拆卸所需時間) 
__ Others (please specify) (其他, 請註明):                                                        
 
19. In your opinion, please rank the merits of climbing scaffolding over others?  
 (依  貴公司所見, 請依次排列爬升棚架較其他棚架優勝的地方｡)  
[Ranking: 1(most important) – 5 (least important), 0(not applicable)] [請排列: 1(最重要) 至 5(最不重要), 0(不適用)]  
__ Cost-effectiveness (成本效益)          
__ Safety (安全性)           
__ Erection and dismantling time ((搭建及拆卸所需時間) 
__ Others (please specify) (其他, 請註明):                                                        
 
20. Suggestion for any improvement of climbing scaffolding? (對改善爬升棚架的建議｡) 
__________________________________________________________________________________________ 
 
—The end of questionnaire 問卷完— 
Thank you very much for your kind cooperation! 多謝合作 
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Appendix II 
Detailed Climbing Procedures of Climbing Scaffolding 
System 
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 (Source: Sanfield Building Contractors Ltd.) 
 
Step 1- Ready to climb up the building 
 
Step 2 – The scaffold starts to climb up and leave the ground support 
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Step 3 – After having climbed up one storey, the supporting device is then shifted to 
upper floors. 
 
Step 4 – The supporting device on the lowest floor is removed. 
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Step 5 – The device is then installed in upper floor by which the scaffold is going to 
climb up. 
 
Step 6 – The scaffold continue to move up and the cycle repeats.  
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Appendix III 
Detailed Operation Procedure of Climbing Scaffolding 
System in the Case Studies 
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Case Study 1 – Ocean Shore Phase 3 
(Source: Sanfield Building Contractors Ltd.) 
 
Step 1 -  Climbing scaffold A climbed up the building to carry out the construction 
work of reinforce concrete structure. 
 
Step 2 – Climbing Scaffold B then climbed up the building for external wall 
rendering work.  
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Step 3 – While the scaffolds were climbing up, catch fans were erected below 
climbing scaffold B at regular intervals.  
 
Step 4 – Scaffold B then moved downward for external wall tilting when it reached 
the 43/F.  
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Step 5 – Scaffold A and B operated downwards, and the catch fans were removed.  
 
Step 6 – The scaffolds were removed after the construction and rendering works 
were completed. 
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Case Study 2 – Union Square Package 6 
(Source: Sanfield Building Contractors Ltd.) 
 
Step 1 – Scaffolding work commences. Catch fans and support are erected.  
 
Step 2 – Gondola are erected after the scaffolding operation at the floors below. 
                                         
       
204 
 
Step 3 – The scaffold and gondola continue to operate up the building. 
 
Step 4 –  Catch fans shift to upper floors to allow the gondola operation below the 
scaffold. 
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Step 5 -  Bamboo scaffolds are erected on one side of the uppermost few floors. 
 
Step 6 – The climbing scaffold is removed once it has reached the top floor. 
